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FOREWORD 


The U.S. Envfrunmerrtal Pruteczfon Agency Ischarged by Congress with protecting the Natlon's 
lard, air, and water t8sou~c89. Under a mandate of nariOnal environmental laws, the Agency strives to 

formulate and imphnent actions leading to a compatlMe bdame between human actfvitles and the 
ability of mhd systems to support and nurture Me. To meet thk mandate, EPA's research program is 
providing data and technical support for SOMng envimmentaI pmbfemstoday and building a science 
knowledge base necassary to ndnage our ecdogical resoclrceswisely. understand how pdlutants affect 

our health, and prevent or reduca environmental risks in the future. 

The Natfonal Risk Management Research Laboratory is the Agerrcy's canter for Invedgatjon of 
techndogkal and management approaches for reducing risks from threats to human health and the 
em'ronmerrt The focus of the Laboratory's r e s g a r c h  program b on methods forthe prevention and 

I 

utfon to air, land, water, and subsurface resourcas; prdectk#1 of water quai& in public 
;remedhtion of contaminated sites and ground water; and prevention and control of 

indoor air poliutio goal of this rdsearch effort is to catalyze development and implementation of 
innovathe, c o s t 4  envirFnrnental technologies; develop scientific and mgineeting infurmation 

needed by EPA to suppurt regulatory and paUcy decisions; and provide technical support and 
information transfer to ensure effective implementation of environrnsntal regulations and strategies 

This puMicatbn has been produced as part of the Laboratory's strategic long-term research 
plan. it is published and made available by EPA's offlc8 of Research and Development to assist the 
user community and Fo link researchers with their dients 

E. Timothy Oppelt, Director 

National Risk Management Research Laboratory 
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ABSTRACT 

This asesmwt kferrtiffes the Bnvirmmmtal impacts and usage trendsof shop towels in the 
printfng and automotive repair industrfss. The shop towels are used to dean equipment and to wipe up 

contaminants for a variety od operations. Four types oi shop towels were evaluated;woven, nonwoven, 

paper, and rags The resource requirementsand emissronS during the manufacture, usage and disposal 

of each shop towel were compared, with primary focus on the usage and disposal of shop towels. 

Woven towels that become coirtaminated from usage are deaned at industrial laundrfes and are a 

signiffcant contn'butor to the contaminant loading of liquid discharges from the laundries The cost of 

deaning woven toweis at industrial laundries Is increasingas local reguhtrons rssMct the allowable 

contaminants in the liquid discharge. The printing industry COntjnuB to usewoven tcwels rather ttian 

nonwoven and paper towels and may USB atternathe towel deaning methods in the Mure. The 

automotive repair Industry continues to use woven towels, but is sfowiy corrverting to nonwoven and 
paper towels duo to their adequate capability and low cost This report was submitted in futfillment of 

Contract No. 68-GwoM ,by Lockheed Martin Environmental Systemsand Technologies under the 

sponsorship of the United StatesEnvironmental Protection Agency. This report coven a period from 

June 1944to September 1995 and the work was completed as of September 30,1995. 
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SECTION 1 

EXECUTNE SUMMARY 

This document presents an environmentalassessment of shop towel usage in the automotive and 

printingindustnes. Three interrelated sections are presentedin the main body of the document; inventory 
assessment, impact assessment, and conclusions. 

The U.S.EnvironmentalProtectionAgency (WA) Oftica of Water is developing effluent discharge 
regulationsfor tfie industrial laundry indusby. The laundries are prirnarify engaged in supplying and 

cleaning uniforms, woven shop towels, and similar items to industrial and comrneraalcfients. The Office of 

Water is evaluatingthe environmentalimpacts associatedwith woven shop toweb, wtridr are significant 

contributorsto the pollutant loading of industriallaundry effluents. Indevelopingthe effluent regulations, 

the Office of Water has requestedassislance from the National Risk ManagementResearch Laboratoryin 
I I 

collecting shop towel usa$e and emissionsinformation. 

1.1 ASSESSMENT METHODOLOGY , 

Sbeamlinina Process 

This environmentalassessmentUtilizes the methodologyfor life cycle assessment (LCA) as 

described by the EPA (EPA, 1993)' but a full LCA was not conducted. Several "stmamlining" techniques 

were employed to reduce the time and resources requiredto analyze the potential environmentalimpads 

from the usage of different typesof shop towels. The following streamliningtechniqueswere used in this 
assessment 

The EPA describes four subsystems in an LCA (raw materialsacquisition, manufacturing, 

industrial usage, and past usage) that are normalty analyzed in similar detail. This assessment 

provides a brief anatysis of the raw materials acquisition and manufacturingsubsystems a 

detailed analysis of the industn'al usage and post usage subsystems. 

* 	 The LCA process analyzes each subsystem for inputs (raw materials, energy, water) and 

emissions (air emissions, liquid discharges, solid wastes, coproducts). This assessment 
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analyzed the energy and water inputs for ad subsystems but an analysis of 
emissions was conducted only for the industrial usage subsystem. 

The raw materials acquisition subsystem of an LCA would normally quarrtrfy the 

environmental ernisions starting with extractlon of raw materials from the earth, stich as 
pumping oil, cutting tress,and @antingcatton The starting point of the raw material 

subsystem for this assessment was the materials used to produce the fibers for the shop 

towels. 

This assessment focused on the differences among the shop towels, therefore areas of 

similar energy and water wage among ail shop towels were not examined in detail. For 
example, the energy for transpo&tion of shop towels from the manufacture point to the 

u s w  was considered simaar for ail shop t w d s  and thereforewas not quantified. 

The Impact assessmerit is based on quantffied poilutant emisslons in the industrfalusage 

subsystem, and estimated pollutant emissisns in the rqw materials, manufacturing, and the 

post usage subsystems. 

The shop towels analyzed were limited to the most common types currently used in the 

autzmotive and printing ~us t r ias .  

lnventorv Assessme@ 

Basis of Comparisok. 

The following shop towel categories were evaluated: 
1 

0 Woven towels (cotton/polyester Mend) 

0 Nonwoven towels (wood pulp/pdyester M e n d  atid 100% polypropylene) 

0 Paper tuwds (wood pulp with binders) 

0 Rags (cotton/pdyestef blend, equivalent to woven towels) 


The woven towel k ddned as a finite reusable item. Nonwoven towels, paper towels, and rags 

are assumed to singleuse items and of high quality to make towel capabilities equal and comparable 

to the woven towel. The woven towel was selected as the basis for establishing a shop towd cleaning 
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proficiency due to tts exXsnsive u s 8  In botfi the automabe and prlndq indushles. Shop towel usage 
rates are highly W e due to the variety uf tasks performed in the automotive and printing indusuks.  
the material difbmmes among woven, nonwoven and paw towels, the wide range in rag qwlity, and 

the personal preference3 of shop towel users. 

System Boundary Deflnitians-
Figure 1-1 illustrates the r d a h s h i p  m e e n  the shop towel system and the four subsystems: 

raw matertal aquisitlon. shop t&d manufacturing, industrial usage Ondudlng laundering for woven 

towels). and post usage (disposal). Speciffc environmental Mormmth was cdlected for tfie industrial 
sage subsystems A general analysisrwas conducted for the raw material acquisition 

nufactwing subsystems. Data sources of inputs and outputs for each subsystem 

rmatIon obtained by questfondres  and intenn'ews technical literatwe, and 
government publications. Shop towel manufacturers and suppliers with a dominant market share at the 

time of this adssment were contacted for data A database recently developed by the OfFica of Water 
was also used tb compiie inforinam regarding ~usaia ilaundry effluents he raw materiai acquisitfon 

with the ac-t@es required to obtain raw materials to produce fibers for the shop
rid subsystem, raw mateMs are p r o c d  into fibers ttva can be 

on wnslsts ofweaving or matting the fibers to produce the 

iddustrial usage and lauidering subsystem indudes activities in which the shop tcvvel is 
,or serviced. Nonwoven towels, paper towels, and rags are used once 

n toweds have approximately 12 cydes ofshop use and laundering. The standard 

for this assassmerit is water washing at indUstriai laundries, induding waste water 
(ptrdeum distillate) d i n g .  is briefly analyzed. The post 

shop towel has served its intended purpose at the shop and is 

is based on air emissjons, liquid discharges,and d i d  wastes identified 
ent of the four types of shop towels. Potenthl environmerrtal impacts for each 

cation of the impacts associated with these subsystems was not 

nthl environmental impacts and,to a limited extent. human health impacts were 
Ict subcatsgories. 
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1.2 RESULTS 

Water Usaqa 

Woven tuweIs and paper towels require similar life cyde quanWes of water (18,000 and 16,000 

pounds per 1,000towels, respeaiveiy). NOW^ towels require ISSSthan 3,500 pourids ai water per 

1,OOO towels. The raw material acquiSitIon subsysZem accounts for the majority of water usage for both 

woven towels and paper towels Water usage for w e n  towels Is dominated by the production of 
cotton. Water usage for paper towels is dominated by the manufactureof butadiene and styrene 

binders. 

Fnerav U-

The life tcydeenergy requirementsare highestfor paper towels ( 9 5 0 , ~British thermal units 

(8W) per 1,ooOtowels), followed by rxx~wovmtowels (520,000 to 860,OOO Stu per 1,ooOtowels; 

dependent on compositfon). Woven towels required the least amount of energy (72,oOO Bhl per 1,ooO 
towels). This information is in a summay of energy requirements in Table 3-6. Primary energy usage 

for all shop towels occurs in the raw materfal acquisition subsystem. Energy requirements for the 

nonwoven and paper towels is dominated by the procassing of petroleurnbased fabric8 and binders. 

Although the energy required for a single woven towel usage cyde is roughly similar to the energy
,> 

required for a single nonwoven and paper usage cyde, the net energy usage for woven towels is low 
due to their reuse. 

Emission9 , 

In the raw materials acquisitfon subsystem, the production of wood pulp is the primary source of 

environmental em- for all shop towel categories analyzed, followed by petrdeum product 

manufacturing and cotton productlon. However,emissions related to shop towds amount for a VHY 

small percentage of total emissions from t h e s  industries. The wood pulp manufacturingprocess for the 

nonwoven and paper towel generates wastewater with biochemical oxygen demand (BOD)and total 

suspended sdlds FSS) loading. AJr emissions may indude reduced suffurcompounds and vdatile 

organics such as chloroform and methand, depending on the prccsss used to manufacfure wood pulp. 

The manufacture of petrdeum products which are used in woven, nonwoven and p a p  towels produces 
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airborne a m  waterborne organic err..sions. Cotton pr0duc.a may resuit in fertilizers, h&ickles and 
pestlcjdes in field runoff (liquid Muent). 

The primary activitlss of fiber prcduction, weaving, matting and packaging resuit in relatively 

minor emissions from the shop towel manufacturing subsystem. The wet laid process to convert wood 

pulp to a flber for nonwmen and paper toweis generates wastewater with BOD and TSS loading. 

The washwater effluent from woven towel laundering Is theonly significant liquid discharge in the 

industrial usage subsystem Woven towels account for a small fraction of the artides deaned in a 

typical industrial laundry, but are responsiMe for the majority of the contaminant loading (organics, 

inorganics and metals) in the waste water effluerrt Treatment of the effluent to remove contaminants 

may occur at the industrial laundry or at a publidy-owned treatment works ( P O W .  The capability for 

contaminant removal at the industrial laundry or the P O W  is dependent on local regulations, and is 
highly varhbie throughout the United States. 

Air embbna In the industrial usage subsystem are prfm;uilyfrom evaporation of volatile 

contaminants collected on the shop t&d. Volatile organic compound (VOC) emissions canoccur 

during handling and storage of all types of contaminated shop towels and during the washing of woven 

towels. Solvent washing of woven towels results in a minor Increase in VOC emissions compared to 

water washing. (Herd, 1995) 

D i s w  of shop towels and sludge occurs in the post usage subsystem. The weight of sludge 

from washing woven towels (88 pounds per 1,OOO towds) is similar to the weight of contaminated single-

use towels (68-74 pounds per 1,OOO towels) entering the landfill. The sludge from woven towel washing 

contains an average of 22% watef. Single--use towels (nonwoven, paper and rags) do not contain the 

water associated with woven towel sludge, but the shop towel enters the landflll along with the 

contzminarrts. Rags have-the greatest dlspsal weight (110 pounds per 1,OOO towds) due to singie-use 

and higher towel density compared to nonwoven and paper towels. 

x Sludge generated from the water washing of woven towds Is commonly sent to municipal 

landfills, while the sludge generated from sdvent,washing cf woven towds is incinerated.- Singleuse 

shop towds. along with the contaminants, are sent directly from the automotive or printing shops to 

landfills lncineratlon of single-use shop towds is uncommon due to higher costs as compared to 
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IandRlls, and is conducted only when the shop towels cannot be land filled because of regulatory 

restrictions. 

!EQas 

Alr quality Impacts were datfvefyminor for all shop towels. Vdatde organic compound 

emissions could result In minor smog generation impacts. A small amount of acid rain precursor 

emissions are generated during the produalon ofw c d  pulp. 

Adverse water quality Impacts occur in the p r o d u k n  of wood pulp, productionof petrdeum

based intennedlate materials, and woven towel laundering. Common impact areas for ail shop towels 

indude aquatic life, oxygen depletfon, and ch&cai/bidogkd content. Aquifer contamination could 
occur from field runoff during cotton production. Afteradons of watef pH in Iodized areas may occur 

due to wood pulp produdon and cotton doth production. 

Adverse human h d t h  Impacts occur primarily through inhaiatfonor ingedon ofcontaminants. 

Initant/sensitlzer effecisand respiratory effectsr a n g  from airborne po4lutants are the most common 

impact areas Dermal contact of pgsticides and herbicides during cotton production has the potentm 

for gastrointestinaland reproductive effects. The variety oforganic compounds (deaners, lubricants, 

etc.) assochted with all shop towel usage may resuit In exposure to poterrffal carcinogens which will 

affect the liver8kineys, and central nervous system. 

1.3 CONCLUSIONS 

The fdlowing cocdwbns have t>een reached through the evaluation of the shop towel life cycle 

and offer a ‘snapshot’ of current shop towel usage, because the industry Is changing as different types 
of shop towels compete for a share of the market The composition of a shop towel will affect the 

resource requirementsfor manufacturing and uMmately the type of waste generated from towel usage 

and dlspod.  

1-7 



InDuts 


The total water requirements were similar for woven and paper towels, and were abut  ten times 
greater than for nonwoven towels. Laundering woven towels is usually regarded as a large water 
consumption procsss, but the w d  laid procsss  for manufacturing paper towels msumas morewater 
than the laundering process for woven towels Woven towels have the lowest relative energy 
requirement due to their capacity for reuse. The range of reuse capabitky for woven towels is normally 
8-18 cydes. This report assumes 12 reuse cydes for woven towels based on intewiews with pecsonnel 
in the automatbe and printing industries. 

OutDUts 

The method used for disposal of shop towels and contaminants will vary depending on the type 

of towel and the type of washing performed. The type of sludge generated from woven towels Is also 

dependent on the type of washing performed. Wcrven, nonwoven and paper towel wastes generated 

from the indwtrialusase and post usage subsystemswere similarin totril weQhL However, the vdume 
occupied in the landfill Is variable because woven towel waste Is primarily in the form of sludge, while 
nonwoven and p a p r  towel waste consists of the towel and contaminants. 

UquM discharges to the environment are generated during woven towd washing because the 
effluent treatment process at the laundry or the P O W  Is not 100% S f f f c h t  In remm-ng 
contaminants The effluent treatment procssses can also vary depending on the capabatty of the 

treatment system and the location of the laundry or POW. 

Envirorunsntal impads from woven towel usage are greatest In the lndustrhl usage subsystem, 
which is consistent for feLlsabl0 materials. Watw qualky impacts occur because ptocasses for treating 
laundry effiuent do not remove all contaminants from the water prior to discharge. 

Environmental impacts from nonwoven towel usage occur primarily in the raw material 
acquisitlon and manufacturing subsystems, which Is consistent for single usage materials. Impacts 

, associated with nonwoven towels are dependent on the materials used to manufacture the towel. The 
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manlrtactui..ig procass .3c nonwoven towels that wntain petroleumbased materiala genemes air 
emissions composed of organic compounds. The manufacture of w o v e n  towels tha~contain wood-

based matecials generates air and water emissions that could comain suffur and chlorine compcxlnds. 

The environmerrtal Impads from paper towel usage occuprimarily in the raw material 

acqulsitiotl am^ manufacturingsubsystems, again consistent for dngte usage matas The mnvarsion 
of wood to cdluloss acatate is responsRie for the majcxfiyof air and water quality impacts associated 
with paper towei usage. 

Environmental impads attributable to the post usage subsystem are similar for ail shop toweis. 

The contaminants generated from the woven towel usage are dMded W e e n  sludge that ~ e r sthe 

IanCffill(>90%) and liquid dkharge that enters the environment (<lo%). AII axtamk.larrts on the single

us8 t m e k  will usually enter the IaKfftll with thetowel. The primary difference between d I s p 4  c4 
sludge that is generated from m e n  tawel laundering and diqmal Or Smr~Ieusetowds with their 

contaminants is the vdume occupied in the landf3l. The; Srngle-use towd/umta.mhant 
c o m b i d o n  has a low& density than the woven towel sludge and Wiu occupy a h e r  vdume in the 

I 

landfill. 

The use of W e n t  washing for woven towels has the pdential to s i g n i  reducs the amount 
of sludge sent to the Iandfiil Slnc~,the sludge from sobent washing Isu s d y  Incinerated However, the 

c 
incineratkm of Soivent washing sludge will result in a small increase in air emissions. 

There were no jIstksct human heaith impad differences noted m n g  the shop towels. The by-
products d shop towel production and use have toweldependent Impads, but it Is not feasible in this 

assessment to determine a dear dWnctfon of the impact differences for the shop towels. 

1.4 SHOP TOWEL USAGE TRENDS 

The prindng idustry prefers to usewoven towds because the towels have the desired durability 
' 

and leave minimal lint on the printing machines. Nonwoven and paper towels are less duraMe than 
' woven towels and' those that utillze wood pulp may leave behind excessive lint, which is not acceptable 

' to  the printers. Pdypropyfene nonwoven towels do not generate lint and may have a niche in the 
" b  
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printing ir;dussj if m w e n  toweis can match the woven tow& in absorbance and strength 

cbaraderistics. 

The type of shop twel used in the automome Industry is in flux Woven towels continue to be 

dominant, but are being replaced as laundeting costs Increase. Several national autmobile s8Nica 
companies have recendy cnanged from woven towels to paper towels. Used paper towels are not 

typically examined to determine if they are a hazardouswaste even though the towels may contain 

hazardous contaminants. The offics of Sdld Waste is cunentiy dusting whether a shop towel Is a 

hazardous or non-hazardous waste for both dbposable and reusabie towels. The municipal landfill 

disposal costs for these towels are usually less than the laundering costs for woven towels 

N ~ O W Itowets made from p~lyptopylenehave recmtty txm m e t e d  a i  reusat>le. In 

appllcatlonsWtrere a large quantity of low v k d t y  liquid Is used, Wringer machines are sold with the 

polypropylenetowels to remave acxxrmuiated liquids at the usage site, allowing reuse of the towel. 

Woven towels could also be used with wringer machines, but few woven towels are curre& usd In 

this manner. The wood pulp and pOiyeSer IKXIW~VBIItowels and the paper towels do not have the 
durabifty necessary for muftfple reuse cydes through a wringer machine. 

Rags continue to maintain a small niche role which is not expected to change. The supply of 

high quality rags Is limited and any Increase In usage wocdd probably result In a price increase due to 

supply and demand. The higher prim would then restrict rag usage, maintainingthe small niche role. 

Local regulations for pmtreatmeat of laundry effluent vary across the country, resulting in a wide 

range of effluent treatment capability at the laundries and variable woven towel rental rates Laundries 

which are required to install efAuertt pretreatment systems to meet local reguladons are anUcipated to 

pass these costs onto the customer, therefore the launderingcost for woven towels will Increase and 

P g 

c

i 

' towel users may seek attematfvessuch as singleuse towels lndustrtal laundries are also I n c d n g l y  

reluctant to accspt woven shop towels with hazardous contaminants due to the adverse impact on the 
laundrj Muent Thk type of shop towel m y  be sent to sotvent washing facilities in the future as the 

cost of water washing continues to increase. however, sdvent washing is currently limited in gmqraphic 
availability. The costof sobent washing Is currendy about 15-18 cants per shop towel and Is higher than 

water washing (12-14 cants per shop towel), but this difference is expected to close as water washing 
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rates increase. These costs account for transportation of the shop towels within a local r e g h  
(maximum 50 mdss to washing facility). 

The use of Went washing for woven towels appears to have less lerrvirmental emissjons tkin 

water washing. Specific mdwlons regarding the environmental accsptabdity of sdvent washing are 
not provMed due to the smallnumber of exfstlng clxnpanles that offer the swvka. The pot-
advantages of Went washing lndude reduced overail energy Inputs compared to water washing, a 
significantly reduced amount of d i d  waste, and a reduction in waterborne dIscfiarges There would be 

an increase in air emissions due to fugitive procsss emissionS the fuel burning required to operate the 
sdvent washing pracess, and the incineratbn ofsludge. 

In summary, federal reguhtions restricting contaminants in laundry wastewater effluent could 

result in water wash laundries charging higher prices to dean m e n  t&s if the laundries are required 
to install wastewater treatment equipment If the laundries do not install fie equipment, they may refuse 
to accept the towela The printing industry prefers to use woven towels and f water wash"laundriea 
charge higher prices, printers may corrvert to solvent washing if price cornpetfie. As the quality of 

singlewe shop towels Z m p - pn'nters may also consider this option. The use of woven towels in the 

automotbe industry Is decreasing due to the increases In laundering rates and avadabdity of acceptable 
single-use towels. 
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SECTION 2 

INTROOUCTlON 

, 
The U.S. EnvironmentalP ro tdon  Agency (EPA) O f k o  of Water is developing effluent dscharge 

regulations for the industrial laundry industry. The laundriesare primarity engaged in supplying and 

cleaning uniforms, woven shop toweb, and similar items to industrial and commercial ciients. The Office of 
Water is evaluatingthe environmentalimpads assodated with woven shop towels, W i h  are ma or 

contibutors to the pollutant loading of indusbial laundry eflluents. Indsvelop'ngthe effluent regulations, 
b

the Ofice of Water has requested assistancefrom the National Risk Management ResearchLaboratoryin 


collecting environmental information assodatedwit3 shop towel usage. Therefore, an environmental f

assessment of shop towel usage in the automotive and printingindustrieswas conducted to identify t 

environmental impacts and anaiyze current shop towel usage trends. 


2.1 ASSESSMENTMETHOOOLOGY 

This environmental assessmenf util'aesthe methodologyfor life cycle assessment (LCA) as 

described by the EPA (EPA, 1993), but a full LCA was not conducted. Several "streamlining' techniques 

were employedto reduce the time and resources required to analyze the potential ervironmentalimpacts 

from the usage ofdifferent typesof shop towels. The following streamliningtechniqueswere used in this 
9 \ 

assessment 

The EPA describes four subsystemsin an LCA (raw materials acquisition, manufacturing, 

industrialusage, and post usage) that are normally analyzed in similar detail. This assessment 

provides a brief analysis of the raw materials acqu'isition and manufacturing subsystemswith a 

detailed a n a m  of the industrial usage and post usage subsystems. 

FThe LCA procsss analyzes each subsystem for inputs (raw materials, energy, water) and h 

emsons  (air em'ssions, liquid discharges, solid wastes, coproducts). This asssssment 


analyzed the energy and water inputs for all subsystems, but an analysis of ern'kions was kr 

conducted only for the industrial usage subsystem. 


F
L 


P
i 
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The raw materia, acquisition subsystem of an 4 wWM norrraliy quamfy the 

environmental emissicw starting with exlrat?ion of raw materiais from the 8aRh,such as 
pumping oil, cutting trees, and Nantfng d o n .  m he s&rting p~rr r tof the raw material 

subsystem for this assBssmerrt was the ma/erials used to produca the f i h  for the shop 

towels. 

1 
This assessment focused on the differences' among the shop toweis, therefore areasof 

similar energy and water usage among all &p towels were not examined in detail. For 
example, the energy f ~ rtransporwf~noi si$p ioweis from the manufacture point to the 

user was consuered simihr for dl shop d d s  ami there+xe was not quantged. 

I I 

fhe shop towels analyred were limited to t$ mast comma typescurrentfy used inthe 


himotive and printing industries. 

\ 

inder of this document Is organized Into three 98ctjons: inventocy assessment, impact 

condusions. The inventory a ' identifies matertais, wider, and energy used arid 

environmental keasasd u r i x c y d e  of the shop toweis. The impact 

inea the potential environmental and thman health effectsd the informadon obtained 

assessment The condusiona summade resuits obtained In the inventory and Impact 

also, m e an analysis current shop towel usage trends. 

I I 

are many typesof shop towels used In d e  automutfve and printlng industdes, and the 

ry signficantfy In materiai and n s m p i t i o h .  The shop towels evaluated in this assessment 

on most common usage currentty within the automotive and printing industries. The 
I I 

following shAp towel categoies were evaluated: 
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0 Woven towels (cotton/po(yester Mend) 
Nonwoven towels (wood pUip/pdyester M e n d  and 100% polypropylene) 
Paper t&s (wood puip with binders) 

0 Rags (cotton/pdyester Mend, equ'Nalmt to woven towels) 

The woven towel is d d n e d  as a finite reusable Item. Normoven towels, paper towels, and rags 
are assumed to be singleuse items and of high qtr;Zity to make towel capabllties quai  and comparaMe 
t o  the woven towel. Thewoven towel was selected as the basis for estaUlshlng a shop towel deaning 
proficiency due to 'tsextensive use in bath the automdve and printing Industries 

r 


The shop towel system is divided into four subsystems: raw mateFial acquisition, shop towel 
manufacturing, industrial usage (lnduding laundering for woven towds), and post usage (disposal). 
SpecMc environmental infomration was cdlected for the industrial usage and post usage subsystem. A 

general analysis was conducted for the raw matertal acquisition and shop towed manufactwing 

subsystems. 

The raw material acqulsitton subsystem begins with the activities required to obtain raw materials 
to produce fibers for the shop towels The industrial u s g e  and laundering subsystem indudes activities 

In which the shop towel is used, maintained, reconditioned, or serviced. Nonwoven towels paper 

towds, and rags are used once In the shop. Woven towels have 12 cydes of shop us8 and laundering. 
The W a r d  laundering process for this assessment iswater washing at industrial laundries, induding 
waste water treatment An &emathe process, sdvent (petroleum distillate) washing, Is briefly analyzed. 

The post usage subsystem begins after the shop towel has served its intended purpose at the shop and 
is transferred to a disposaf faciity. 

The impact assessment Is b a d  on air emissions, llquid discharges, and solid h s s  identified 

in the inventory assessment of the four typesof shop towels Potential environmental impacts for each 

subsystem are klentified, but quantiflmtbn of the impacts associated with these subsystems was not 
conducted. Potenthl environmental impacts and. to a limited extent, human health impacts were 
addressed in relation to general impact subcategories. 

r
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Condusiong 

The condusions sectlon is composed of four primary SBCtions; comparison of inputs, 
comparison of emissions, environmsntal and human health impacts, and shop towel usage trends. The 

water and energy m g e  for each shop  towel category are compared to determine rB5ourca 

requirements in each ofthe foir subsystsms. The corresponding solid waste geosrated during shop 

towel wage Is then compared. A qualitathe comparison oi environmentaland human health impacts is 

presented to higMEgh d c a  among the &p tmd mtegofies.. a m usage v d s  of the 

four shop towel categories In the automotive and printing Industries are compared to determine the 

pacis of regulation on the industrial laundries 



SECTlON3 , 

INVENTORYASSESSMENT 

This inventory assessment is based an the rnettroddogy described In the EPA document Me-
Cycle Assessment Inventory GuMellnes and Pdncipies (EPA, 1993). A fun inventory asssssment as 
identified in the LifeCyde Assessment Guidelines was not conducted;the assessment wed streamlining 

techniques to analyze the potentialenvironmental impacts from shop towel usage. The diversity of the 

typeand usage patterns of shop towels requires that the level of detail Inthb asssssment is restrictedto 

Mentificatlonof those dominant Inputs and outputs that will change when various shop towel usage 

scenarios are analyzed. The areas emphasized In this study are shop towel usage and disposal. Raw 
rnaterhi'acquisitlon and manufacturingof shop towels are investigated to a lesser degree. 

3.1 PURPOSE 

The purpose of the inventory ysessrnent is to provide informatfon regarding the resource 

requirementsand environmentalmissions associated with dHferent typesof sbop towels. The shop 
towel categories selected are woven towels, nonwoventowels, paper towels and rags. The information 

in this section will be used to compare environmental and human health impacts of the four shop towd 
-


categories 

3.2 BASIS OF COMPARISON 

A basis of cornparison is required to ensure an unbiased assessment of the shcp towels This 

inventory ass85sment "as d u c t e d  on the bass of 1,OOO shop towels manufactured, used, and 

disposed in theUnited States. Water usage (pounds/l ,OOO shop towels). energy usage (Btu/l ,ooOshop 

towels), and pdiutants rdeasd (Pounds/l,OOO shop towels) are iderrtifled. The Uniform Textfle Services 

Association (UTSA), fomedy k n m  as the Institute of Industrial Laur?defers.represents about 80% of 

the industrial laundering operations that rent woven towels. The 1- Customer Profile Analysis (CPA) 

conducted by the members ofthe UTSA Mentiffed the customer base for rented woven towds. Forty 

idustries, representing 1,T72 shop towel rental accounts. were identifled in the CPA by the major 

grouping within the Standard Industrial Classification (SIC) codes The top three of the forty industrial 

laundering customers are shown in Table 3-1. These three industrial laudering customers make up 
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almost hatf of the tutal customer base for the  woven towel rentals and contribute the heaviest 
contaminant loading to the indusMal laundries. 

TABLE 3-1. 1992 WOVEN TOWEL USAGE 

Major Grwping 

Automotfve Dealers and Gasoline SeF/ics Stattons 

Printing, Publishing and Allied Industries 

\ 

Pwcant of Woven Towel 
Total Usage 

14.6 

8.2 

mtlon regarding the usage of shop towels was obtained from the three imharies listed in 
TaMe b3-1 (MIS, 1987): 

I 

Automotive Remlr. SerVfcB a d  Parkina. SIC G ~ O U D75-ThIs group indudes establishments 
primarily engaged in furnishing automotive repair sBNic85 to the general public. 

I 

, Automotive Dealen and G a dine Sem'ca Stations. SIC G r o w  !g--This group indudes retail 

dealers selling n"Wand used automobiles bats recreatfonal vehides, utilitytrailers,and motorcydes; 
I 

and gasdlne service stations. Automobile repair shops maintained by establishments engaged in the 

sale ofhew automobiles are also induded. 

Printina. PuMishina. and Allled lndustrfes. sIC Grouo 27-This grwp indudes estabiishments 

engaged in printing by one or m e  common procassss, such as letterpress, lithography (Induding 
offset), gravure, or screen; and those estaUishments which perform smicw for the printing trade, such 

as bookbinding and plate-making. 

Svsterns Evaluata 

There are many types of shop toweis used in the  automotive and printing industries, and the 

towels can vary significantly in material and composition. The klnd ofshop towel u s e d  depecjs on  
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many factors indudjng: rype of task,dmer used (Ifany), costs and personal preference. ihe  shcp 

towels evaluated in this assessmerrt were chosen based on the most m m n  usage currentfy within the r
lai

automotive and printing industries. 
f
t 

The types of shop towels evaluated and a description of towel componerrts Is IIsted in Table 3-2. 

The components, percmtages, andwelghts were obtalned from automottve and printing wrnpaniss and 
manufacturers supplisd information. The shop toweis were chosenbased on requirements, preferences & 

r 
and usage by the autornotfve a d  printing indwtr)es, 

TABLE 3-2SHOP T o w a S  �VALUATED 

i 

65 14.00 

35 7.60 

T0t.l 100 21.a 

paper wood h i p  85 22.10 


andm 15 3.00 

1cO 28.00 


Woven Towels-

The woven towel is defined as a ffnite recydable resource with 12 usage cydes. The towel 
typically has the fdlowing characteristics: 
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m m m o n  sues for wmen towels range from 14 inches by 14 Inches to 18 inches by i d  

ipches. 
Matea-The campositlor\ varies, but the majority of woven tuwels now In use consist of a Wend 

of cotton ( 65-90% ) and MpjiFrg amounts of polyester, rayon. and aqik  d-ing on cost and 
availability. A slgniffcant pomOn of the fibers used in manufacturing woven towels are 'seconds', a lower 
grade of fiber. 

WeioQLThe typical weight of the woverr towd can range from 0.5 to 1.5 ounces. 

Thk assessment assumes a woven towel Oi 90% cotlon and 10% Poryester that measures 18 

inches by 18 inches and weighs 1.O ounce. 

Nonwoven Towds-
The m o v e n  ?ow4is defined as a singie-use item (&bough new typssof nonwoven towds 

now on the market can be reused) and has the fdlawingcharac?e&tks 

-onwoven towels are adaMe in various sizes depending on the needs of the target 
i 

industry. 
Material-Nonwoven tow& are produced from a variety of tmUe fibfs depending on the target 

Industry. The towels contain resins used to bind the fibers into fabric. M o s t  manufacturers utilize 
proprietary binders. The most popular textfle fibare norrcsllulosjc (pdysster and pdypropylene) and ,, 

cdlulosic (rayon and wood pulp). The latest technology In the produdon of Izomoven towels is 100% 

pdypropylene or rayon/pdypropyiene or myori/pdysster Mends .  
W e i a 4 - m  typical weight d the nonwaven towel can range from 0.25 to 1.0 ounces 

This assessment assumes two types of nonwoven towels; ;he first is 65% wood pulp and 35% 
polyester that mea3u85 14 inches by 16 inches and weighs 0.35 ourxa, the second type is 100% 

pdypropylene that measures 12 Inches by 14 incW and weighs 0.30 o u m  

Paper Towels-
The paper towel is defined as a singiwsa item that has the fdlowing charaderistlcs: 

*Paper towels are availaMe in various sizes depending on the needs oi the target industry. 



--Paper tuwds  are prcduced from soft woods such as spruce, fur and poplar. The wood 

is processed through a pulp mil t o  a feit-type mass. The pulp is then convwted Into paper at a papet 

mill by beating and pressing the fibers together. The paper t owds  used In the automottve and printing 

industries also contain resins that are used to bind the fibers into a durable fabric. 
--The typical weight of the paper towel ranges from 0.25 ounces to 1 ounce. 

This study assumes a p a p  towel of 85% wood pulp and 15% binders that measures 12 inches 

by 14 inches and weighs 0.4 ounces. 

Rags-
Although rags have a role as shop toweis, it is difftcutt t o  obtain consistent numerical values that 

canbe supported. Rags of different mior, texture, weight and she are commonly used, and mn be 

used once or multiple times More disposal. Because of the lack of consistency in material usage and 
the fragmented nature af dlstributiort and disposal, ordy rags possessing the required size, material 

compositfon and weight were evaluated. This assessment aSwmes a rag with the same composition as 
a woven towel; 90% cotton and 10% polyester that measures 18 lunches by 18 inches and weighs 1.0 

ounce. Rags wiil be limited to single use prior to disposal. 

Eauivalenca-in-U* ,-. 


Equivalence-in-use is a numerical comparison of the deaning proficiency of the  shop  towels. 

The woven towel was selected as the basis for establkhing a shop  towel deaning proficieficy due to its 

extensive u~ in both the  automotive a d  the printlng industn'es. The amount of contaminants that one 

woven towel wodd contain prior to being laundered is considered equivalent to the amount of 
contaminants on nokwwen towels., paper towels, and rags prior to  disposal. 

Shop  t m e l  usage rates are highly varfable due  to  the W M e  variety oi tasks perfomred In the 

automotive and printing industries, the signifhint formulation differences among non-woven and paper 
towels, the variaMe 'quality' of rags. and when the person using the shop towd beileves a new/clean 
towel Is needed. The type of shop toweis used in a cleaning application depends on several factors; the 

object being deaned  (engine parts, printing press), contaminants removed (grease. on,Ilght/dark 

printing inks. spiils). h o w  dean the object must be. the potential use of deaning fluid, and the persod 

preferences of shop towel usen 
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The q d R y  and type ofnon-woventowel, paper towel, or rag used wiil affectthe number of 

shop towels required for a specifk task. M o s t  nonwoven towels are manufactured for a spec% use. 
therefore many different compositions of non-wen towel (pdypropylme, rayon, pdysster, acryllc. 

wood pulp) are manufactured based on demand. Paper towel featuresare greatfy affected by the tvpe 

and amount ofUnder incorporated. Rags are sated and sdd by mposrtfon and origin of the rag 

(textrre mill, used dothing). Each of these factors candetermine the qUanttty arid type d shop towel 

used for a specific application 

(After dgnifkmt research into the practicss of the automotbe and printfng i n d w t r l ~ ~ u m e r i c a l  

equivalenca d cleaning ability for each of the shop towels was conddered the Oniy viable method to 

conduct an unbhsed comparison. Therefore, for this asssssment, each type of shop towel is considered 
equivalerrt, aithough it is ackKmledged that 'all Strop towels are not created equal'. Hlah non
wovm tow&, paper towels and rags am assumed to be used to rnlnimbe the variability in the number 

& shop towds used for a partfcutartask 

3.3 MmODOLOGY 

An inventory assessment is a dataintensive procsss that may utilite hundreds of numbers In 

order to ensure proper interpretatlanof the results reported, the system must be properly defined, and 

the data sources dearly identified and evaluated. 

3!22Q!4. 

Each of the four shop towel categories comprise a 'system.' Each system Is composed of four 

subsystem raw matertal acquisition, manufacturing, industrial usage (indudlng launderingfor woven 

towels), and post usage. Figures 3-1, 3-2.3-3 and 3 4  illustrate the activities within each shop towel 

system. 

\ 

3-6 




........ 
P

L 

c 

............ ................. >............ c.
a?
> s 

................ .... 
f

ie 

3-7 




..................................................... ~ ............................................................................................... ~ ............ ................ 

................... 

.................... 

3-8 




1 
................ 

......... 

n 

.4 
... _._ ........................... ........

..%. ...... .._. ................................................... ......,~ .............................. 

r 

3-9 




i 	 I
I 

.......<- .........,..> ..........+.. 

?I 
I 

U 

. .  ........ .................................... 

, , . . .... ......... . . . . . . . . . . . . . . . . . . . ........ . . . . . . . . . . . . .  

I 

.  3-10 


1 



The shop towel aMJysIs boundary starts with the raw material acquisition subystem and 
condudes with the past usage subsystem. A general amlysis was conducted for the raw materhl 

acquisitlon and manufacturing subsystems. SpecjRc environmental Informationwas collected for the 
P 

industrial usage dpost usage subsystems. Extraction of resources from the eath (raw matarkis 

acquisitlon subsystem) and manufacturing of the detergents or deaning sdvents used to launder the 

woven towels (Industrial usage subsystem) are mnsideredOutsMe the boundaries of this assessment 
and, therefore, are not induded. Since limited quantitative Information was collected for each of the 

1 

subsystems, an overall material balancewas not performed. Cost data for the inputs and outputs were 

also outside the scope of this assessment Significantcost impacts Mentiffed ars d k d ,  but not 
quantified. r-

I 

In order to streamline the inventory assessment process, emphasis was placed on identifyingthe 

differences in inputs and outputs for each shop towel system. Input and output similarities among all 
shop towed systems have simiiar environmsntal effects,and are considered to have no 'ner effect in the 

I 

comparison of differences In environmentalimpacts For example. transportatfon accounts for a small 

portion of the total energy requirements and all shop t w q s  in this assessment incorporate similar 

transportation methods and distances Therefore, transportation impads are identified only if a 

significant difference among the shop towel systems is noted. 

Sources of DaQ '' 

The evaluation of shop towels is data-intensive, and data quality canaffect the outcome of the 

assessment Therefore, the development of a uniform criteria is crucial for selection and reporting of 
data sources and types Consideratkms u s d  to evaluate data indude age of the data (because the 

techndogy on whwl data are based can become obsdete), frequency of data cdlection (ensuring that 

seasonal changes 01 other variability in the system is properly captured), and representativenessof the 

data (indusion of the rnb of different shop towel activities that m a y  contribute to m'ronrnental impacts). 

The primary sources ofdata for the inventory assessment are frcrn questionnaires generated by i 
Lockheed and filled out by industry (Lockheed, 1995), technical literature. government publications. 

putdished industry statistics and personal interviews with industry representatives. Informationfrom the 

1994 Industrial Laundries industry questionnaire cdlectd by the EPA Offlca of Water was also 

incorporated. Specific and detailed data suurces for all steps of this assessment were not always 
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availaMe. This limitation I ad to m n e d  and perhaps less accurate data sources, suc 

textbooks, periodicals and public databases, which could lack the level of detail desired. 

The inventory asssssment analyzes only the most common shop towels far usage in automotive 
and printing operations. Particular manufacturersand suppliers with a large market sfrare at the time of 
this assessment were contacted for data 

Data Evaluation 

From a data perspective,the assessment ofthe shop towels comprises two parts: a set of 
process and activity measurements where numeric values are availaMe and a set of assumptions and 
decision rules for completing the data sets within the various subsystems. Emphasis on data quality is 

focused in the Industrtal wage and the post usage subsystems Assumptlons and decfsion rules 
concerning data were appfled with a higher frequency in the raw mareriai acquisition and the product 
manufacturing subsystems 

i 

The majority of data obtalned is industry data, either direct facility measurements or indirect 

estimates from published summaries. Thus, the accuracy is determined by the quality of the 
measurement or estimation procedures used by industry. Many manufacturing facilities produce several 
products In additlog to shop towels; thus, engineering estimations are invdved in producing 
representathe data speciflc t o  shop towel produdon. Facilities may produce the same type of shop 
towel, but the procass, energy usage, and environmental emissions may differ among facilities. Thus, 
when data are gathered and averaged, the restJltjng data may not be characteristic of a specific 

production facillty. 

Condudom generated by this assessment depend on the accuracy of the inputs and outputs 
for each shop towel system There are four subsystems in each shop towel system, so there are 
multlple numbem added togethec to arrive at total values. Each number contributes to a portion of the 

total value, therefore the accuracy of an Individual number is less important than the overall accuracy of 
the total. All numbers were scnrtlnized to evaluate representativeness of the type of operatlon or 

process being analyzed. 

~ 

i 
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Relhbiiity ofthe data is especially important when speciffc data affectsmuftiple subsystems. h 

example is energy used to manufacture shop towels. M o s t  facilittss manufacture multlpie products, and 

shop towels represent only a fraction of the facility operations. A consistent breakout of energy 

requirements specifk to shop towels Is required to evaluate impacts in the manufacturing, Industrial 

usage, and post usage subsystems. 

Data confidentiality was an Issue for the shop towel manufaduring facilities. Due to the small 

number of responses from manufacturingfacil*W aggregadon was limited. Faciiity specific information 

was used to develop aggregate data, but it Is not induded as an appendix in order to protect data 

confkfenthlky. 

3.4 ASSUMPnONS 

One of the goais of this assessment was to streamline theanalysis of environmental impacts that 

may m r  based on changes In the us8 of automotfve and printing shop towels. This was 

accomplished by utilizing assumptions and decision rules when specific information was unavailable, or 

required an Inordinate amount of effort to collect 
I 

The resuits In this study are based only on shop towels manufactured, used. and disposed 
I" 

within the United States. It should be noted that infomtion from the Department of Commerce 

indicates that imported woven towels account for 35% of the industrial woven towd market and are 

assumed to be manufacturedfrom 100% cotton. Imported shop toweis were not analyzed due to limited 

Information availability. 

Woven towels and rags typically do not utilize as much packaging material as nomoven and 

paper towels. Therefore the nonwoven and paper towels have.1% added to the total s o i M  waste to 

adjust for the Increase from packaging. 

The paper towel was initially assumed to be manufacturedfrom 100% wood pulp. It was 

determined that a shop towd from 100%wood pulp was not a feasiMe alternative to a woven towel 

because of limited durability/strength a d  excessive lint Only one automotive and no printing 

companies contacted stated that paper towels were used, and manufzcturersof paper towds stated that 

the automotbe and printing Industry dM not typically use their products. However, severalcompanies in 
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the automotive industry were identified as using paper toweis containing 1GM% binders Therefwe the 

'paper towels' in this study contain Mndecs. The blnder b assumed to be a 50:Nbutadlene:styrene 
copdymer. This type of binder is most commonfy us.ed to increase the strength of p a p  towels. It is 

acknowledged that the impactsfrom different binders cwld increase 01 decreasa the environmental 
impacts of the paper towel in relation to the other shop towels investigated. 

The nonwoven towels paper towels and rags analyzed in thb shdy are the 'higher qualw 

types. It Is acknowledged that each of these alternatives has various queiity grades Wudlng lower 
quality towels in terms of strengthjdurabalty, abo&me, and l int 7 7 ~use d higher quallty nonwoven 
towels, paper towels, and rags Is assumed make shop towels quai  to when compared to the standard 

woven towel.' 

A major assumption is that there are no significant resource requirements for the manufacturing 
ofrags High quality rags areassumed to be a by-ptoduct or 'second' oftextlle mills and are not 
manufactured for specific us8 in theautomotfve and printing industries. The supply of these rags is 
limited and thereforewould not be feasible for all shop towel usefs to switch to this alternative. 

About 95% of all woven shop towels are soid to indusMal launderers and linen supplien who 

rent the towels to commerchl and industrial estafAlshmerns (lit, 1988). Woven towels are assumed to 
ur have 12 usage cydes through the industrki laundry and then are designated as low quaiity rags or sent 

$ 'j 

to the landfill. The range of values obtained from literature and interviewswas from 6 to 15 usage cydes 
depending on the sourca of the information and the task performed with the Woven towel. There are 
two laundering opttons forwoven towels: water washing and petroleum based sdvent washing fdlowed 
by water washing. Woven towels thatare sdvent washed &y have more usage cydes due to the 
milder deaning cyda However, 12 usage cydes were assumed for both laundering o w n s  to maintain 
consistency. 

\ 

Twocategodes of energy are typically quantified;procsss and transportation. Process energy is 
the energy required to operate equipment, Induding such items as reactors, heat exchangers, mixers. 
pumps, Mowers. and boilers. Transportatlon energy is not quantified unless signiflcanP differences are 
identifiedbeween the shop t&el systems. Within each subsystem. quantities of fuel are converted into 
energy equivalents Power utilitfes typically use c d .  nudear  pcwer, hydropower, natural gas. or oil to 
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generate dectrtcity. For this evaluation, the rBsourcBs used for power generation are based on the 
national average provided by the US. Department of Energy. 

3.5 SYSTEM BOUNDARY DERNmONS 

Each shop towel has an independent system boundary that is further d M e d  into four 

subsystems: raw material acquisition. product manufacturing, indusb%l usage, and post usage. Each 

subsystem will have inputs and outputs,with some of the outputs becoming inputs for a subsequent 

subsystem. Other outputs,such as air emisslorw and liquid discharges fKxn product manufacturing, will 
leave the boundaries of this assessment 

Raw Material Acauisitin 

The raw material acqutsitkKl subsystem for this assessment indudes adtvities required to 
produca the fibers used in the prcductfon of shop towels. Raw material inputs WJI focus on energy and 
water consumptionto streamline theasssssment procsss. Several of the shop towels studied contain 

similar components ( i.e. wood pulp is contained in nonwovenand paper towels), theretore the raw 

materials are not grouped by shop towel t y p  

'"A
Cotton-

Cotton inputs indude energy ( c M o n ,  irrigaffon, harvesting, transportation, and ginning) and 

water (im&ion) consumption up to the point that the ginned cotton bales are delivered to the 
manufacturer of the shop towel. The air emissionS, IlquM, discharges and sdld waste from cotton 

produdon were not quadfled. Alr emissions may indude vehide exhaust,fertilizers, pestfcides, and 

cotton dust Uquld discharges primarily from agricultural runoff (fertilizers, pesticides, and soii). SdM 
wastes indude the wastes from the ginning precess (which may be incinerated, fed to iivestock or 

disposed in lartdfib). mere is appraximately 7,000 Btu of energy per pound of waste generated in the 

ginning ptocess, whbh could be used to uffsetenergy requirements of the ginning opratbn (USDA, 

1977). Restrictlons on the Incinedon of ginning waste are increasing a d ,  therefore, energy recovery is 

not assumed in this assessment (Ghettl and Glade, 1978). 
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wood Pulp-

, W m d  pulp Inputs lndude energy (harvesting trm transportatfon, conversion to pulp, pulp 

board manufacture) and water (conversionto pulp), up to the ddbeiy of the pulp board to the shop 

towel manufacturers. Most trees wed for pulp manufadurIng are fnxn tree farms(shkxiture),or land 

which is replanted (Scott Paper, no date). The significant impacts from wood pulp production are from 

the wood pulping process. Water usage in the pulping procsss Is significant, with the majority of the 

water discharged after a single use. On average, discharge water contains biological oxygen demand 

(BOD) at 29 Ibs per metric ton ofproduct and total suspended solids (TSS) at 44Ibs per metric ton of 

product (EP41993c). The pulping industry us85 signiffcant amounts of sodium hydroxide, sodium 
sulfide, and Meaching chemicals, but many milis have incorporated chemical recovery systems to 
reducs the net wage. Solid waste from the pulping procsss consists of bark and other wood wastes 

which are typrwlly used as fuel (known as hog fuel)to pwer on-site boilers 

Polyester-
Polyester is manufactured from crude oil with several chemical intermediates This assessment 

begins with the manufacturing of polyester from dimethyl t e r e w a t e  d ethylene glycol. Polyester 
manufacturing uses minimal water and generates minimal liquid discharges and solid wastes. Air 
emissions may indude particulates, nitrogen oxides, hydrocarbons, sulfur oxides,and c a b n  monoxide. 

Pdypropylene- ,.. 
Polypropylene k manufactured from crude oil and is a by-product of ethylene prcductlon. This 

assessmefl begins with the manufacturing of pdypropylene from propylene and co-pdymers 
Polypropylene manufacturing us83minimal water and generates minimal liquid discharges and sdM 

wastes Air emissicns may lndude particulates, nitrogen oxides,hydrocabns ,  sulfur oxides, and 

carbon momdde. 

Butadiene-
Butadiene is manufactured from crude oil and has naphtha as an irrtermedhte. This assessment 

begins with the manufacturing of butadiene from naphtha. Butadiene manufacturing uses a significant 

amount of water and energy, but generates minimal liquid discharges a d  sdid wastes. Air emissions 
may indude particulates, suifur oxMes, and c a h n  monoxide. 
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Styrene-

Styrene is mansfacturedfrom crude oil and several lntermedhte processes induding tduene, 

benzene and ethyfene. This assessment begins with the manufacturingof styrene from benzene and 
ethylene. Styrene manufacturing us83 a significan?amount of water and energy due to the Intermedhte 

manufactureof toluene. Alr ~ I s s r O n Smay indude partiCuhtes, nitrwen oxfdes hydrocatam, sulfur 
oxides,and carbon monoxide. The production of styrene generates some liquid discharges waste 

water, but minimal: sdid waste. 

Product Manufactun'nq 

The prcdud manufacturing subsystem has two primary components, materials manufacture a& 

fabrication. Materials manufacture Is the acthdty required to procsss a raw material into a form that can 
be used to fabricate the shop towel. Production of intermediate chemic#ls and materials is induded In 

this category. Fabrication is the process step that uses raw or manufactured m a t e d  to fabricate the 

shop towel. 

Woven Toweis-
Figure 3-5 illustrates the manufaduring procsss for woven towels. Woven towel inputs indude 

water and energy usage fmn the intermediate products and the fabrication of the towels. M o s t  

companies use the same process to weave the cotton and pdyester fabric for thewoven towels 'Off 

quality' fabrics are normally used in the weaving process. 'Off quality' Isan industry term that refers to 

fabrics or staples thatdo not meet high quality standards. 

3-17 



I '  


a 

3-18 ' 



Nonwoven Towels-
Nonwoven towel inputs indude water and energy usage during the three steps common for 

nonwoven towel manufamre: web forming, web bonding, and fabric finishing. A large array of synthetic 
and natural fiben used in nonwoven towel manufacturing resuits in specifjcproperties tailored to the 

user application 

Web forming Is primarily an air laid/reverse creped wadding and spunbonded/m& Mown 
process. ~ o s tw e b  have i n m c i e n t  stmngth in the'untmnded form. me iridhid~alfibers or fiiaments 
(webs) mu&, therefore, be bonded In some way, by gluing, thermally bonding, or mechanicaily 
entangling. The web bonding p~ocsssssutilized most often for shop towels indude latex resin bonded, 

needle punched arid spun laced (hydroentangled). 

Many nonwoven fabrics have various finishing treatments applied to  the we+ after bonding. 
Treatments indude creping and embossing to  soften and increase the bulk of the fabric. Perforating 
processes may also be applied to increase the porosity ofthe material. 

The two nonwoven towels analyzed in this study consist of wood pulp/pdyester and 

polypropylene. The nonwoven towel made from wood pulp and pdyestec is manufactured by the air laid 

process and spuniacd (hydroentangled). Figure 3 4  illustrates tie manufacturing process for the w00d 

pulp/pdyester woven towels. ,The nonwoven towel made from pdypropylene is manufactured by the 

melt Mown process and thermally bonded. Figure 3-7illustrates the manufacturing process for the 

pdyprop$ene woven towels. 

Paper Towels-

Figure 3-8illustrates th ufactuting process for paper towels. P a p  towel inputs indude 
water and energy wage in the id manufacturing process. There a& several different binders 
currently d.One major group of binden is resin polymers; acrylic, styrene-butadlene. vinylacetate 

li 

ethyiene, vinylacetate acrylate co-pdymers a d  acrylonitrile pdm0fS. Many companies consider the 

binder they use a s  being propri ry and/or confidenthl. The chemical bindec used in this assessment 

Is a styrene-butadiene copdymer. 

\ \ 
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Rags-
Rags do not have any Inputs due to the assumption that all rags in this study are by-products of 

textile mills, 
t 

Industrial usagc2 

The industrial usage subsystem indudes adfvitles in which the shop towel is used,maintained, 

reconditioned, or serviced. The transportation requirements are consklered equivalent for each shop 

towel and are not quantified. Woven towel usage indudes shop use and launderfngfor 12 usage cycles. 

Nonwoven towels, paper towels, and rags have one usage cyde In the shop. 

Automotbe Usage-

Table 3-3 is a list of chemicals in the automotbe industry that are likely to be found on used 
shop towds. It is assumed that the V0C:sembVOC 40ofcontaminantsin the automotive shop towels 

will be 1 3 .  Cleaners containing chlorinated solvents are no longer used in signiffcant quantities by the 

automotive repair industry and are nat analyzed. impacts from chemicals @aimdeaners, resins) used 

in automotive body shops ate not induded in this assessment, due to the limited quantity of these 

materkls accumulating on the shop towels. 

' TABLE 3-3. PRIMARY SHOP TOWEL COMAMlN4NfS FRQM AUTOMOTNE REPAA SHOPS 

aliphatic hydrccrrtronr 
aromatic hydrocartxxn 
surfrtasnts 
Pstroleum dlstiilatr# 

G ! p A  athm 

Sulfuric add 

Lsad 


Printer Usage-

A small quantity of chlorinated sdvents are used in the printing Industry, but increased 

regulatlon and higher prices are resulting in a significant decrease in usage. It Is anticipated that by 
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1996 the printlng Industry wit use an inslgniffcarrt quantity of chlorinated dmers; therefore, chlorinated 

sdvent usage is not anaiyzed. Potenthl substiknas for chlorinated sdvents indude 2-butoxy ethanol. N
methyl pyrrdidone, terpenes. low mpor pressure mixtures of aliphatic and armtic petroleum distillates. 

and aqueous deaners with surfactants (EPA, 1994). Table 3 4  Is a list of chemicals in the printing 

industry that may be found on bed  shop towels. It Is assumed that the VOCsemi-VOC ratio of 

contaminants in the printer shop towels will b 3:l. 

TABLE 34. PRIMARY SHOP CONTMiNAMS FROM THE PWNnNG INDUSTRY 

chromium 

-m

soytsan& V6gstrbl. a ts  
Msttryl Ethyl m n .  

bbutyi Kston. 

bnzixothiaoolin 
Ethyimediamino 
hmonium Hydroxido 
Acry(rrr Monomom 

Automated press cleaners. which allow shortened down time and reduce solvent use, are 

replacing traditional m a n d  press deaning. Many newspaper companies now use dry-type (solvent
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less) automatlc W k e t  washers  Although sdvmt-less deanem do not dean as well as manual cr 

automatlc systems uslng sdvents, their use will reduce # sdvent loading on shop towels. 

LLaundering-

Two laundering processes are analyzed. The standard process Is e t e r  washing. A sdvent 

washing process is also analyzed due to the recent Increase In usage for printer towels The sotvent 

'used in the solvent washing process is a peMeum distillate (mineral spirits). This ass8ssment assumes 
that the waste water frcm the water washing ptocsss will be treated and the contaminantswill be 

removed. either by the industrial laundry or a publicly owned treatment works ( P O W .  The sludge 

generated from the treatment procsss will be a waste. 

Post USjlQB 

The post usage subsystem begins after the shop towel has served its intended purposa at the 

usef faciitty and Is transferred to a differentlocation for recydlng or waste management The majority of 

shop towels are drsposed into landfills with a small amount being Incfneraed. 

Woven towels enter the post usage subsystem after the 12 usage cydes and are recyded to low 

grade rags or land filled. The disposal of shop towels requires a determination whether the towels are 
consklered hazardous or non-hatardous waste. The majority ofshop towels to date are dlsposed of as 

non-hazardouswaste. However, shop towel disposal Is currently being scrutinized and a higher 

percentage of shop towels may be designated as hazardous waste in the future. 

Regulatory issues-

The O f f k ad Sdid Waste Is currently evaluatingwhether a shop towel should be considered a 

hazardous or mmhazadous wastes. The following discussion summarims the existing regulations and 

the complexity of determining if a used shop towel is hazardous or non-hazardow waste. Waste shop 
towels may be hazardous by being listed' as a hazardous waste or by being a 'characteristic' 

hazardous waste. A listed hazardous waste contains compounds that are cunsMered hazardous. A 

characteristic hazardouswaste exhibits at least one of the fdlowing properties (40 CFR Part 261.20): 

characteristic of ignitability 0 1 ) .  corrosivrty (Doo2),reactbity w),or t ox i c i  (Do04 - 0043). 
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'Used wipers' (shop towels) k e  not specifically llsted in 40 CFR Part 261, Subpart 0;therefore 
'a wiper can only be defined as a listed waste if thewiper e'her contains listed waste. or b othenvlse 
mixed with hazardouswaste' (Shapiro, 19%). 

Reaulatorv Deflnitiong-fhe regulatory status of sdventcwrtaminated shop towels depends on 
how the deaning solvent Is used as defined In the mixture rule and the 'cocrtained-ln' pdlcy. The 

fdlowing four scenarios outfine how to define these contaminated materials (Meyer. 1992 and Binder, 
1992): 

1) Solvents generated, spilled 01 leaked, and deaned up with a shop towel: 

If the sdvent is listed' as a hamdous waste, the contaminated shop towel is 
considered hazardow until it no longer contains any of the listed &ent 

If the solvent is a charactedstk hazardouswaste only, the contaminated shop towei is 
then considered hazardous ody if it exhibits a hazardous characteristic (ignitabiiity, 
corrosivity, reactivity, toxicity). 

2) 	 Unused sdvent product Is placed on a shop towel and the shop towel is then used to dean 

a suhce: 

The shop towei is hazardous only if it exhibits a hazardous characteristic. 

3) Unused solvent is spilled or leaked and deaned up using a shop towel: 

The shop towel is hazardow only if the solvent is a 'Fr or 'U' listed hazardous waste (40 
CFR Part 261.33). mrnercbl  chemical product or if the shop towel exhibits a 

hazardous characteridc. 

4) Spent solvent is discarded by dumping in a drum of soiled shop towels: 

If the solvent Is listed. the shop towds are hazardous. 
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If the scivent is characteristic only, the contaminated shop towel Is considered 

hazardous only if it exhibits a hazardous characteddc. 

If the shop towel ls a hazardous waste based on one of the above scenarios, but 19 not going to 

be discarded, but reused Instead (commercially laundered), then statespecific pdlcles may become 
effectfve. 

Mkture Rulg-The rnbdure rule (40CFR Part 261.3 (a) (lii) and 261.3 (a) (2) (hi) and 261 Subpart 
\ 

C) Is as fdlows: 

A solid waste Is a hazardous waste if it Is a m'bcture ofa solid and a hazardous waste that is 

llsted solely because it exhibb a characteristic (See 40CFR Part 261 Subpart C) and the 
mixture continues to ahibit a hazardous characteristic. This mbdure would not L>e a 

hazardous waste if it no longer exhibited a hazardous characteristic. 
c 

A solid waste is a hazardous waste if it Is a mbture of asdid and a listed hazardous waste 

(See 40CFR Part 261 Subpart D). 

.Contained-in' Pdlw-The contained in policy states the following: 

I. 

A mat& which contains a listed hazardouswaste is considered hazardous until that listed waste 

is removed from the mat& 

The previous regulatory discussion illustrates that a shop towel can be dassiffedas a Sazardous 

waste bsed on wtmt it contains or how the contaminant was put on the shop towel. Hazardous waste 

is regulated to a higher degree 0.e. transportation and dlsposal in a hazardous landfill) than non

hazardous waste The amount of shop towel waste generated wiJl not be significantly affected by its 
dassiflcatlon, but the probability of a contaminant entering the environment is higher if the shop towel is 

disposed of in a municipal landfill rather than a RCRA landfill. 
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3.6 RESULTS 

The four shop towels analyzed have signiflcant differences in resource requirements and 

emissions. The following discussion Mentff ies  the varianca in inputs and outputs for each shop towel 

subsystem. 

Woven towels are reused; therefore, inputs and outputs were adjusted to provide a consistent 

comparison for the singleuse shop towels (nowoven, paper and rag). Since woven towels are 
assumed to be laundered and reusad 12 times, appropriate data in the raw materials, product 

manufacturing and post usage subsystems Is dWed by 12 to generate a 'single use' equivalent 

number. 
I 

A summary of the subsystemwater usage for the woven, nonwwen, and paper towels is listed 

In TaMe 3-5. The raw material acqu*Wbnsubsystem accounted forthe tnajority d water usage for both 

woven tuwds and paper towels. Water usage for woven towels is dominated by the production of 
cotton. Water usage for the paper towel is dominated by the manufactureof butadiene and styrene 

binders. The wet laid procsss for manufacturing paper towels in the product manufacturing subsystem 

consumes more water than the laundering process for woven towels. Overall, the woven towels and 

paper towels require similar quantities of water. Nonwoven towels have a relatively low water 

requirement 
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The shop towel usage summary for energy Is listed in TaMe 3 8 .  The primary energy usage for i 

all sfmp towels occm in the raw matertal acquisition subsystem, but the energy usage Is d o m h l e d  by 
the nixrwaven and paper towela A significant amcun! ofenergy Is used In the product manufacturing 

subsystem for the nonwoven and paper towels. Overall energy usage forwoven towels Is a b u t  10% of 
the energy required for the nonwoven arid paper towels due to the reuse of the woven towels. 

TABLE 36. SHOP T O W a  ENERGY RMVIREMEMS 

A detailed breakdown of thewater and energy usage by component for each shop towel is 
ted in Table 3-7. Rag are nat listed in the raw material acquisition and produd manufacturing 

ubsystems due toutheassumption that they are not manufactured, but originate from textile mill wastes. 
onwoven and paper towels Indude water and energy inputs from raw matertals and mantdacturing 
nly. Althpugh &ansportation of the shop towels does require energy, there are no sjgnificant energy 

/differences among the single-use shop towels in the indwtrial usage and post usage subsystems. 



TABLE 3-7.SHOP TOWEL UFE CYCLE INPUTS: WATER AND E N m Y  USAGE 

I I 

Lyovcm- I I 


9096 Cotton 15.700 

I I 


I I 331,400 


15% Blnden I 11,820 

RoftretlknubeMng I I
It wovsn 

l - I I 

wood Pulpjainddn 2570 310,000 


The woven towels u s e  a significant amount of water due to the irrigation of cotton and the 
laundering process Draft data from the offfce of Water Industrial Laundries Industry questlonnaire 
lndlcate that the laundering of a printer shop towel requires about 3.5 gallons (29pounds) of water per 
pound of towd washed. This survey also indicates that automotbe shop towels require about 2.9 
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gallons (24 pounds) of water per pound of towels washed. These tm,values were avemged for an 

overall water usage of 3.2gallons (26.5 pounds) of water per pound of towel washed. 

The overall water and energy usage for the paw towel Is high due to the manufacturing 

requirementsfor the butad1ene:styrene copolymer and its lntermedlatas (butadiene, naphtha, styrene, 

benzene, toluene, ethylene) wbkh are used as b M e m  There are no significant water requimerrts In 
the industrhl usage and post usage subsystems for nonwoven and paper towels. 

Severalassumptions were made for the w t e r  and energy usage in the production of the 
nonwoven and paper toweis. The water usage forthe production of the lx~lwovenwood puip/pdyester 

towel and the paper towel is assumed to be 4 gallons (33 pounds) per pound of towel product and 10 -

per pound of towel product, respectiveiy. The high water requirements for the 

y due to water consumption of the wet laM manltfacbring procass The procsss 
ents used to produce the wood pufp/pdyester nonwoven towel is 2.2 Kw/ib, while the 

r the paper t w d s  is 3.5 Kw/lb. The energy requirements were based on data 
supplied by industries (Lockheed, 1995) and Industry procsss infomratfon. 

I 

l 

et and energy usage for the paper towel binders is high due to the manufacturing 

requirements for'intemedhtes that are used to manufacture butadiene and styrene. The energy and 
water requirernent!3<forthe paper towel indude inputs fw the production of butadlene and styrene. 

Since the type and amount of binder usad is cansMered proprietary by the idustries contacted. a 5050 

mbtture is assumed. 

The energy requirements for polyester is much less in the woven towel than the nonwoven towel 

(22,800 Btu vg 331,400stu) because the woven towel has 12 usage cydes (total energy requirement for 
the woven towel L divided by 12). The overall energy usage for woven towels Is &so less that the single 

use shop tow& in raw material and product manufacturing subsystems because of the 12 usage cydes. 

Indudry Comparisbn of Automothre and Printing Industries-

TaMe 3-8 is a comparison d water and energy usage in the i n d m  usage subsystem. 

A b u t  20% more water is required to wash prirrtlng shop towels compared to automotive shop towels 

(office of Water, I%), presumably due to the increased contaminant load on the printer shop towels. 

The sdvent washing process uses a final water wash to remove any contaminants not removed during 
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the Went wash, resulting in signdbrdy less water usage compared to the water washing procass 
Total energy usage for the sdvent washing procsss is about 10% higher than the water washing 

process, but the 'high ends' from the sdverrt distiilatlon process are burned to generate s t m  for the 

distillation cdumn. This results In a net energy input for the sobent washing proc89s of about 60% of 
the energy required for the water washing prcmss N m e n  towels, paper t w &  and rags are Ils&d 

as a corn- t o  Illustrate minimal Inputswithin the lndwtrtal usage suhsysZem 

~~~ 

minimal minimal 

minimal minimal 

" >I 

Transpoctationnot included. 
S0ut-c~Officr of Watsr, 1- Textiio Rental, 1992 Blaca and Seaman, 1944; industry intmi.rm 1995. 

ImisslonS 

TaMe 3-9is a list of cornMned potential pollutants (emissions) during the shop towel life cyde. 

The taMe indudes emiss&ns from all shop towel types (woven, nonwoven, paper and rags). Specific 

chemicals are grouped Into categories to Mentify areas of pdentiElr impact Acid, base and hydrogen 
sulfide outputs occur primarily in the raw material acquisitlon subsystem. Volatile organic compounds 

and semivolatile compunds are used throughout the shop towel life cyde. Low volatility organic 
compounds and metal outputs occur primarily in the Industrial usage subsystem. oxide outputs are 
fromthermal oxidation prmessss, whicti occu the  raw material acquisition, industrial usage and post 

1 

usage subsystems. 
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TABLE 2-9. COMBINED UST OF P O T W A N T S  FEGM SHOP TOWELS 

Low V W l l t y  
Cqanic Compounds 

Aromatic ccmpoundt 
oils 
G r e w  

Raw Material Acquisition

mer 
organic 

Compounds 

All shop towels (with the excepdon ofrags) have components with a similar raw material starting
5;’ 

point, petrdeum. The differences between the shop towels am based on the type and amount of 
petrdeum-&sed intermediate products generated during manufacture. The air emissions and liquid 

discharges that occur during the manufactureof petrdeum intermediates are assumed simiiar. 

Air pmisdons associated with woven towels are from cotton produdon @articulates from 

farming and ginning). Air ernisskxk associated with nonwoven and paper towds occur during the tree 
harvesting and wood pulping operations. The wood pulping process produces air emissions such as 

partlculates from mmbust!.cn procsssgs,vdatile sulfur compounds, chlorofotm, mettrand, and hydrogen 
chloride. 

Liquid dlschargss are produced from cotton prcductlon (agrfcuttural chemical usage, field runoff) 

and from wood pulp mill effluents (high BOO and TSS levels, chlorinated organic compounds, 

chloroform, chlorates). The Identification of the hypochlorite Meaching stage as a major source of 
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chloroform. and its 9u eady diminatbn hwn Meach sequences has led to significant 
decreases in chloroform emlsdcm by the industry (EPA, 1993). Dbdn is not considered an output 

since itS presence in wood pulp mill effluerRs has decreased sign8candy due to modifications in the 
Meachlng process. The American Forest and Paper kssocIation predicts that by late 1996, all wood 

pulp mills will achieve nondectedable levels of dioxin in liquid effluents. 

Product Manufacturing-
Liqukf discharges occur in the fiber procsssing phases during the manufacture of nonwoven and 

paper towels. Air emissions are minimal. 
\ 

-~ 
Industrial usage-

Laundering operations account for a majority of the outputs in the lndustrhl usage subsystem 

Minimal water is generated from slngle-use shop towels. Evaporatb of volatile compounds from single-

!, us8 shop towels will occur if the towels are not stored In containers 

For this assessment, the average wntaminant load on printer and automotive shop towels Is 
0.mIbs and 0.031 i t s ,  respecttvely. This data Is from a study conducted by Brent Industrfss, based on 

599,000 towels (Williamson. 1995). An average of the printer and automotive shop towel loadings is 
used for the post usage subsystem and the overall results. It is assumed that the V0C:semCVOC ratio 
of contaminants on printer shop towels is 3:l. The ratio for automotbe shop towels is 1:3. This 

information is averaged to 50:M for determinfation of air emissions and s d M  waste quurtities. 
-

Water washing has historically been the method of choica for deaning woven towels and is the 
standard deaning method for this assessment Solvent washing of wwen towels is also induded to 
compare outptds. Table 3-10 Is a comparison of laundering procassas for automotive and printing shop 
towels. The ak emissions and water discharges listed for water washing are based on the contaminant 
loadlngs of 0.068 i&sand 0.031 lb for the printer and automottve shop towels, respectfvely. The ak 

emisdons are based on 50% of the VOCs and semi-VOCs evaporating from the laundry effluent during 
waste water treatment and 50% being contained In the sludge that results from treatment of the waste 

water. The amount of VOCs and semi-VOCs emitted into the air will vary significantty based on the 
temperature of the wash water, the ~ o c s s sused to treat the waste water (sludge generation at the 

laundry or P O W  and the speciRc contaminants on the towel. The remalning shop towel contaminants 
will be contained In the sludge. Sludge generation rates for the contaminant lbadings on the shop 

r-
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towels were consistent with puMished values. Laundry waste water effluent will nomrally prcduce 

approximateiy 1,OOO Ib (dry weight) of sludge per one rnillbn gallom of water (Mullen and Lehhurger, 

1991). Air emissions from singleuse towels (nonwoven, paper and rags) are assumed at 4.5 

pounds/l,OOO towels to account for evaporation of vdatile sciverrts from the shop towels after usage. 

TABLE 3-10.C O M P ~ NOFALITOMOTNEAND PRINTINGCUTPUTS: INDUSTRLALUSAGE 

1 

son:'1395; Wcr ofWamr,1995; Blanc0 and Seaman, 1944; Textile Redat, '1-

A* 

hop towels are a small fraciion of the overall production lead of industiial 

of detergents required to properly dean the towels. TaMe 3-11 is a 
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Methylme chloride I I 0.04277 I 0 . a  I 
NapMaJmo 
Nidtd I 

“0.4310 
i 0.0104 

, 
I 

0.394 
0.0609 I 

1 0.0183 

0.00451 
Phenol I 0.0181 0 . W  I 0.0417 

o.mm 0.00444’ 0.00142 
Tolueno --~ 1 1 10.0148 0.742 I 0.337 

TOC I 108 1 258 I 628 
Total Petdourn Hydrocattm 
Total Phosphorus 
Total Rscovsrabk O&G 

1 
324 
5 s  
28.5 

I 
165 
5 . 9  
332 

I 

I 

10.9
’ 212 

16.4 

2 Bat.d on tMlpllng at fba t0dli.r 
. 3  Basad on sampling at tlve f a d l i n  Two Wlitin haw treatment d %saw industrial wastwatbl only. Treatment 
technclogioa tunp&d indudod diuoiwd air fiotation (OAF). chemic4 prmdpitation, and chemical emulsion breaking. 
Sourw: EPA Office of W-, Updatd-1996 

Table 3-12 contains a summary of the  draft data from five of the seven sampiing episodes taken 

a t  industrial laundries for the Office of Water (EPA, 1996). The taMe lists the maximum,median and 

average concentrations along with the average facility discharge of several pollutants found in the 

survey. The median value represents the middle concentration, when the concentrations are listed in 

increasing order while the mean concentration is the average concentration of each pollutant listed. The 
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table demonstrates that most contaminants found in industrial laundry effluentsare present at less than 1 

pprn (1 mg/L is approximately equal to 1 ppm). 

TABLE 3-12 TOXJC POLLUTANT CGNCEMAATIONS IN INDUSTRW LAUNDRY Er’TLUENT’ 

’Bassd on sampling at tlvo fadiiffes. Two fadlitiei have treatment of ‘heavy‘ indust@ wastewater only. Treatment
tschnoiogies sampled indudad dissolvud air flotation (OAF). chemical precipitation. and cnemical emulsion brebing. 

-tion is tho dshaion limit. 
was ny d.tbcted in any samplaa. 

A O E i u  ol Water, Updatod-199B 

* 

Until recently very few industrii laundries had on-site waste water treatment facilities, except for 
settling basins and screens. Regulatory agencies are now restricting contaminant levds for industrial 
laundry effluent, forcing industrial laundries to treat effluents on-site. Treatment processes now being 
incorporated indude a combination of settling basins, equalizers/neutraluers, air flotation, clarification. 

5 

media filtration and oil/water separators. An important factor in the discussion of water discharges from 
industrial laundries is that not all POTWs are capaMe of removing the contarninants coming from the -
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industrial laundries. If the waste water from the industrial laundries is not properly treated, the 

contaminarb could be released into the environment. However, this assessment assumes that the 

waste water is treated and the  majority of contaminants are removed, either by the indwlrfal laundry or 
l 

a P O W .  

traditional water washing. Sdvent washing, commonly known In the,industry as dry deaning, is an 
altemtfve to water washing for shop towels. Solvent washing is simPar to the common dry deaning 
process for dothing, but d m  not use chlorinated socvents and the deaning W e n t  is recovered via 
distillation. The deaning method analyzed in this assessment utilkes a petroleum distillate for primary 

Solvent washing of woven towels does not result In a significant increase of VOC emissions 
during the laundering process. The air emissions listed are fugitive emissions from the solvent washing 
process (valve leakage, pressure venting, transfers, etc) (EPA, 1990). 

Post usage-

The s d M  waste from shop towel disposal are listed In Tatie 3-13. The rema cyde  of woven 
toweis is factored into the s d M  emissions estlmate by dMding the weight of the woven towels by 12. 

Woven towels generate sludge during the laundering process, but the overall weight of solid waste Is 
similar to the Srrqiectse shop towels. About 5% of the woven towels are assumed to enter the landfill at 

the end of useM life, the remainder are recyded to low qual*wrags. The 88.4 Ibs of solid emissions per 
1,ooQ woven towels consists oi 83.1 Ibs sludge and 5.3 Ibs woven towels that have reached the end of 
useful life. By comparison, the 67.8 Ibs for nonwoven tow& and the 74 Ibs for paper towels is the towel 
and the contaminant weight that enter the landfill. 

\ 
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The type of waste entering the landfill is a function of the shop towel used. Sludge from woven 
towel washing contains contaminants and water. The dngie-use tawds (nowoven, paper and rags) and 

associated contaminants enter the landftl without physical changes UquM discharges are not 
considered to be significant due to the assumption thai shop towels are sent to landmls with leachate 
cdlectlon capabilitfes. 

TABLE 3.13. COMPARISON OF AUTOMOTIVE AND PRINTING o m s :  PosT USAGE 

WoMn minimal minimal I ea.4 Imdfill 

Nan- minimal minimal 67.8 IandfiU 

papsr minimal I minimal 74 landfill 

Raga minimal minimal 110.5 landfill 

It 1s assumed that the majority Oi shop towels are disposed in landfills. According to the Office 
of Water 1994 lndustrhl Laundrias Industry Questionnaire, only 7 of the 209 laundries listed incineration 
as a disposal method UtilIzd. Published informatlon on municipal waste also states that only 10% of 
trash in the United States is incinerated (Lewis and Valent!, 1S93). 

r. 

Municipal d i d  waste generation rates are expected to increase to 216 million tons per year, 
with recyding and incineration reducing the amount going to l a f l l s  to about 107 rnillIon tons per year 
(Superkam, 1992). According to  journal artidss (Biocyde, 1S94). from 1988 to 1993 there has been a 

48% decrease In the number of avaiiaMe U.S. landfills. Therefore, lamifill disposal costs are expected to 
increase. 

It may be pcwsiMe to incinerate the new nowoven towels (pdypropyiene = 19,OOO Btu/ib) due 

to the higher Btu value. Some contaminants on the shop towel (petroleum products, inks and solvents) 
could also increase the Btu Value. The incineratlon of shop towels would decrease the vdume (80to 
90%) and weight (70to 75%) of d i d  wastes, depending on the towel composition. Combustion ash is 

also more environmentally staMe in landfills than municipal sdid-mste,thuS reducing the risk of ground 
water contamination (Valentl. 1993). 
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Air emisdons from shop tow& sent to hazardous waste incinerators is assumed to be r 
t 


negfigiMe. The EPA has established Performance Standards for hazardous waste incineratorswhich 
r
require that csrtain hazardous constituents are removed from the incineratcx emlssions to a speciRed Lpercentage. This required removal level is called the dsstructlon and r e m d  efficiency @RE) and, for 

example, Ls 99.99% for organic hazardous constituents (EPA, 1988). I_ 

\ 

5. 
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SECTION 4 

IMPACT ASS�SSMEM 

'This sealon provides a qualitative assessment oi the life cyde impacts associated with shop 

towels. An impact assessment Is a p m of categorizing, characterizingand evaluating the effectsof 

the resourca requirementsand environrnmbl emissions &e., air, water, and sdld waste) identified in an 

inventory assessment (EP4 1993). Methods for performingimpact assessments are still in the 

developmental stages, but it is generaity agreed that the analysis shouid address both environmental and 

human health impacts resulting from the emissions i d f l e d  in the inventcq ass8ssment 

his simp tmei impact assessment identiffea the environmentalemissions from the four 

subsystems evaluated in the inventory asssssment: raw materhl acquisition, product manufacturing, 

ustrial usage, and post usage. Potential ertvirorwnental impacts and human health impacts were 

addressed in reladon to general impact categories. 

The impacts are based on the atmospheric emissions, waterbane dlxharges, and solkf wastes 

generated from the imentory assessment of 1,OOO shop towels. The emissions identiffed in this 

assessment are referred to as 'pollutants.' This terminology represents the emission as a release to the 

environment duringthe life cyde of a shop towel. This is not meant to imply the emidon Is directly 

harmful to the environment or to human heaith, although the potential may exist 

4.1 M�rHODOLOGY 

The collcBptual framework for an impact assessment consists of three steps: dassiffcatlon, 

characterization, and valuation (SETAC, 1991). 

Classiffcationis the process of assigning and accumulating results from the inventory 

assessment Into Impact categories. Impact categories may indude ecosystem or environmental quality, 

human health, resourcedepletion. or habitat modification. 
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Errvfronmef~taj4UaiR-y and human health were chosen as the major impact categories for this 

assessment Within these two categories, several subcatGories were identffied as shown on TaMe 4-1. 
The environmental subcategories indude both air and water quality impact areas. The dassification of 
inventory results into impact categories for the shop towel Is qualitative; total quantities of emissions 
from the shop towed life cyde are not caicuhted. Comparisons were developed to iIltlstrate the relative 
change In Impa'cts among the d"Ferent Strop towels 

TABLE 4-1. ClASSIFICATlON CATEGORIES 

Environment 

Acid Rain Precursor/Acid Rain 

Aquatic tife 

AquiferContamination 

Cheinicai/Bldogical Content Alteration 

Greenhouse Gas/Global Warming 

Oxygen Depletion

pH Amations 

Smog Precursor/PhotochernW Smog 


Characterizatioq 
5-, 

Characterization is the a-mert 

Hwnan H& 


Allergenicity/Sensitization/lnitant 

Central Nervous System Effects 

Carcinogens

Gastrointestinal Effects 

t<klney/liver Damage 

odors 

Reproductive Effects 

Respiratory System Effects 


t 


ĉ  


i 

L 

of the magnitude ofpotential impacts for the selected 

categories. Current methods forevaluating environmental and human health impacts continue to evdve. 
Several modds have been proposed for use  in the characterization process to evaluate the contribution 

of each emission. The models indude loading, equivalency, chemical properties, generic 

exposure/effeds, and site-spec& exposure/effects (SETAC, 1993). Each of these models has inherent 
limitations, and there is no general agreement in the scientzficcommunity that these models are accurate 
and reliable. These modeis were not usad in this shop towel assessment. A lim3ed characterization was 

conducted to d u a t e  significant differences among the impact categories. 

Valuation 
E
t


Valuation consists of assigning some relative value to the impact categories so as to integrate 
the impacts acros the categories. The objective is to directly compare the overall potential impact of 

each product. The relative values assigned to the impacts causes the valuation step to be subjective, 

P 
. . 
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and there is no universally accspted method for valuation assassmeit A Miuatkn assessment was not 

developed due to the limited chafaderization conducted for the shop towds. 

4.2 RESULTS AND DISCUSSION 

Subsvstem i m u  

evaluation of the impacts associated heach of the four subsystems 
~ 

I 

~ -
Raw Materials Acquisition-

TaMe 4-2 is a listing of the pdmary pollutants from the raw materiais acquisition subsystem. This 

tau0 is a comparison of the raw m a t h s  usad for the shop toweis and the corresponding pollutants.
I 

the man'ufaciureof petrdeum-basedproducts (binders, pdyester and 
I 

n o w o h  towels, followed by woven towels d paper towels. The 
pmkcts generates volatile and semi-vdatiIe organic fugitive emissions 

and thsrmal oxidation of byproducts generates a \jarlet, of gaseous compounds (NO,, SO,. CO,,etc). 

Waste water with BOD loading and chnical oxygen demand (COD) loading Is also generated from theI 
manufacture of petrdeurn-basedprqucts 

I
I

The wood pulp:ng process is r uired for paper and nonwoven towels, and generates wastal e q
water with BOD loading and TSS Io+lng. Afr emissions indude reduced sulfur compouds, 

chloroform, methand, and other V 4 EmWons of SO,and NO, are a lesser concern (EPA, 1993b). 
I 
I 

Impacts from cotton produdon indude fertilizers, herbicides and pstlcides in field runoff,
I

contributing to BOO and COD icadings.
I 
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TABLE 4-2 POLLUTANTS FROM THE RAW MATERIALS ACQUISITION SUBSYSTEM 

Product Manufacturing-

TaMe 4-3 is a listing of the primary pdlutants from the product manufacturing subsystem. This 

table is a comp'son of the shop towds manufactured and the,conespnding pdlutants. Impacts are 

relathrely minor due to the primary actbitice being fiber production,weaving and packaging. The Wet-

laid' process used to convert wood pulp to m~wuvenand paper towels has BOD, COO and suspended I= 
b, 

sdids In the waste water. The production of fibers for ail shop towels resuits in minor amounts of 
T" 


airborne particulates. 

c 



p 

TABLE 63. POLLtrrAMS FROM THE PRODUCT MANUFACTURING SUBSYSTEM 

4 i 

lndustriai usage-: 

Primary pollutants generated in the industrial usage subsystem are shown in Table 4.4. The 

shop towels have been broken down into reusable (woven towels) and dngle-usa (nonwoven towels, 

and rags) for discussion and evaluatfon purposes. Industrial usage for the reusable towels 

g (solvent and water wash), drying, water treatment,solvent recyding. and Judge 
I 

three sincJeuse towels have been grouped together sinca they are used 
I 

m e the same pollutants assochted with them. Cat+uninantloadings (0
I 
1


L the reusable'and singleuse tow& are assumed to be the same. 


, 
TABLE 4-4. POLLUTANTS FROM THE INDUSTRIALUSAGE SUBSYSTEM 

1t 

I 

\

P
L, 

f"" 
t 
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partlcuiateb organic compounds, and metak loading is also genefated from the ladering cyde. Some 

of these contaminants are emitted to the environment even after the water is treated since waste water 

treatment Is nut 100% # efficfent W e n t  W i n g  of towels and sdvent recyding results In a small 

quantity oi VOC emisdons Organk cornpounds and metals from the waste water treatment and sotvent 
recydlng procssses are also contained In the sludge. 

Contaminants present on the singlwse shop towels as a result of usage indude organic 
compounds and metals. somev&es may be emitted to them e r e  wttae ~e t m d s  ate in the 

shop: however, most of these pollutants are carried forwardto the usage subsystem. 

Post usage

me'post usage subsystem considers impads from the ciisposai of contaminants and towels 

(nonwoven, paper,and rags) in a landfin, sludge from water washing tn a I-, and sludge from 

solvent washing at an incherator. Incineradon of dngle-use towels is uncommon, therefore it wdl nothe
addressed. As stated in the Inventory analysis, it is assumed thatwoven t w d s  are converted to low-

quality rags or landfilled after they have been reused for 12 cydes. Tabk 4-6compares the 'mpacts 

from the waste combustton and hnrfflll dlsposaJ methods. 

TABLE 46. POLLUTANTS FROM THE POST USAGE SUBSYSTEM 
r< 


The fate of shop towel contaminants is dependent on the type of towel used and on the type of 

washing performed: 
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Sludge generated (at the laundry or at the P O W )  from the water washing process for 
woven towds  Is commonly disposed In municipal landfills. Thls sludge has relatively high 

water content (22%) and is not Incinerated. ( H e r d .  1995) 

Sludge generated from the sdvent washing process is sent to  cement kilns for incineration. 

0 Spent singleuse towels are sent directly from automotive or printing shops to landfills 

It Is assumed that water wash sludge is landfilled due to  the low Btu content while b e n t  wasd 

sludge Is incinerated. Contaminants in both types of sludge will be the same as those present on the 

towels after u s  (organic compounds and metals). Water wash sludge contains approximately 22% 
water which could increase the mobiiity of these pollutants into soil and groundwater. Incineration of 

sdvent wash sludge will result in gaseous wastes (CO,CO,, NO,, and SOJ aswall as residual ash  to be 
'tandfiiled. 

With the excaptfon of solvent washing, the majority ofcontaminants from sbop towel usage end 

bp in the landfill whether woven or singleuse towels are used. Woven towd contaminants enter the 

landfill as sludge from laundry effluent treatment and singleuse towel contaminants enter the landfill on 
the singleuse towel. 

li 

Classification 

-

The classification of pdlutants into impact categories is the first part of the assessment of 
comparative environmental impacts of the  shop  towds  during their life cycle. After a review of the 

chemical. environmental, and toxicdcgical data, the chemicals in the inventory assessment were 

classified by p a t e M  impacts on the environment and human health. The environmental quality impact 

subcategories shown in TaMe 4-1 were divided into air quality impacts (Table 4-6)and water quality 

Impacts (Table 4-7). The human health impact subcategories are  shown in TaMe 4-8. 

Air quality impacts, shown in TaMe 4-6, were relatively minor. Organic compounds are the most 

common pollutants generated in the shop towd life cyde; therefore, potential s m q  visibility impacts are 

notabfe in this category. Emissions of acid rain precursors occur only in wood pulp production. Air 

quality impacts from landfill disposal are  minimal regardless of the type of shop  towel used. 
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TABLE 4-6. IMPACTS OF POLLUTANTS ON AIR QUAUTY 

Pdlutants Greenhouse Effect 

Vdatile Organic Compounds 1 I X I X 
Semivdatlle Organic Compounds I I X 1 X 
Inorganic Chlorinated Compounds X 

Herbicides/P&cMes X 
r 

co/co, X 
Padculates X X I X 

NOJSO, I '  X I X I X 

Water quality Impacts, shown In Table 4-7, stem primarily from water usage in the productloc.1 of 

petrdeum-based intermediates and woven towel launddng. There Is a water quality impad associated 

with the wwm towel contaminants because the sludge generating processes at the laundry or the 

P O W  are not 100% efficient in removing contaminants from the laundry effluent The largest impact 

area is aquatic life with related categories of oxygen depledon and chemical/biological content Aquifer 

contamination from the shop towel subsystems is attributableto percdatlon of agricultural reskiues from 

cotton productlor, and pdlutants thatmay seep into groundwater from landfiils. The least significant is 

pH alteratlon due to ackldq bases, and chlorinated substancas present in the wood pulping proc8ss.
\ 

1

1 
r r  
i 

I;, . . '  k, 

I
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TABLE 4-7. IMPACTS OF WLUJTANTS ON WATER QWUTY 

Human health impacts, shown In Table 4-8,occur In two primary ways: Inhalation and ingestion. 
InMatton is the m mmon method, and most of the Impacts are concentrated In the 

piratory effectscategories resulting from airborne missions of pollutants 

Gastrointestinal produdve effects during the cotton produdon stags are possible due to d e d  

human health impact categories are Influenced by waterborne emissions of 

gestfon of contaminants to occur, It would have to be assumed that drinking 

water is not properly treated to reinme these contaminants The variety of organic compounds 
associated with shop towel manufacturing and usage may also res& in exposure to carcinogens and , 
compounds withbliver, kidney and central nervous system effects. 

i 
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SECTlON 5 

CONCLUSIONS 

The fdlow'ng c o n d u s h  have been reached through the evaluation of the shop towel llfe cyde 

and offer a 'snapshot" of current shop towel usage, because the Industry is changing as different types 

of shop towels compete fcr a share of the market The composition ofa shop towel will affectthe 

resource requiremh for manufacturingand uitlmateiy the type ofwaste generated from towed usage 

and d i s w .  \ 

5.1 INPUTS 

Figure 5-1 is a comparison of the overail water usage for shop towels. The total water 

requirementswere similar for woven and paper towels, and were about ten times greater than for 

About 90% of the water required during the life cyde of woven and paper towels 

erials acquisition subsystem. Laundering woven tawels is usually regarded as a 
process, but the we? laid process for manufacturing paper toweis consumes 

ering process for woven towds. Figure 5-2 is a bm@san of the overall 

els. The raw materials acquisition subsystem accoud for the majority of the 
J

eci for a11shop toweis. Woven towels have the lowest relade energy requirement 

i 
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5.2 EMISSIONS 

A wide variety of environmental emissions associated with the shop towel life cyde occur in the 

raw material acquisition and prgduct manufacturing subsystems. 

The method used fordisposal of shop towels and cmmlnants will vary depending on the type 
of t w d  and ,ae type d washing performed, buf the maiority of contaminants from the shop towel usage 

will enter a rnuniclpal landRtl regardless of the type of towd used. Figure 5-3 13 a cmprison of landfill 

waste generated for each sbop towel category. Nonwoven and paper towel wastes generated from the 
industrial usage and post usage subsystems were similar In total weight Woven towel wastes in the 

landfill are heavier than n m o v e n  of papet towel wastes, but the vdume occupied In the landffll will be 

lower because woven towel waste is primarily In the fo ,while noyoven and paper towel 
waste consists of the tcwd and contaminants Rags hav weight and vdume per 1,OOO 

towels, but do not pose a landfill problem due to the low 
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Uquld discharges to  the environment are generated during woven towel washing because the 

effluent treatment procsss at the laundry or the P O W  is not 100% efficient in removing 
contaminants. The Musnt treatment processes can also mry depending on the  capability of the 

treatment system and the locatlon of the laundry or POW. 

Alr emUons to the environment In the industrial usage and pcet usage subsystems are 

primarily VOCs and are dependent on the type ofdeaning solvents used. 

5.3 IMPACTS 

laurdry effluent do not remove all contamina 

acquisition and manufacturing su 
associated with 

The contaminants gene+& 

in the industrial 
occur because 

prior to discharge, 

re the towel. The 

s that contain wood-

pacts associated with 

ar for all shop towds. 

ntarninants on the single-

use towels wiil usually enter the landfill with the towel. The primary difference between disposal of 
sludge that is generated from woven towel laundering and disposal of singleuse towels with their 

associated contaminants is the volume occupied in the  landfill. The singleuse towel/contaminant 
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combinatlon has a lower density than the woven towel sludge and will occupy a larger vdurne in the 

landfill. The use of sdvent washing for woven towels has the poterRfal to sjgniflcarrtfy reduce the 

amount of sludge sent to the lan&ll. However, the lncineratlon of sotvent washing sludge will result in a 

small increase in air emissions. 

There were no distlnd human heaJth impact differences noted among the shop towels. The 
byproducts ofshop towel pduct lon and use have toweldependent impacts, but it is not feasible in this 

assessment to determine a dear distinction ofthe impact differencesfor the shop towels. 

5.4 LSHOPTOWEL USAGE TRENDS 
~ - 

1 

The printing industry prefers to use woven towels becausa the towels have the desired durability 

and'leave minimal lint On the printlng machines Nonwoven and paper towels are less durable than 

woven towels and those that utlke wood pulp may leave behind excBssivB lint, which is nat acceptable 

to the printers. Polypropylene nonwoven towels do not generate lint and may have a niche in the 

n towels c q  match the woven towel in absorbance and 	strength 
I 

, 

ei used in the automotive industry Is In ffw.Woven towels continue to be 

dominant, but are being replaceh as laundering costs increase. Several national autornobiIe sarvica 

companies'tiaverecantiy changed from woven towels to paper towels. used paper towets are not 

typically examined to determine if they are a hazardouswaste even though the towels may contain 

hazardous contaminants. The municipal landfill dispod costs for the& towels are usually less than the 

laundering c a m  for woven towels. 
I 

N o d w e n  towels made from pdypropyiene have recently been marketed as reusable. In 

applicatlons where a large quantity of low viscosity liquid is used, wringer machines are sdd with the 

pdypropyiene towels to remove accumulated llquids at the usage site, allowing reuse of the towel. 

Woven towds caldd also be used with wringer machines, but few woven towels are currently used in 

this manner. The wood pulp and pdyester nonwoven towels and the paper towds do not have the 

durability necessary for rnuitiple reuse cydes through a wringer machine. 
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Rags cOrrtfnue to maintain a small niche role which is not expected to change. The supply of 

high quality rags is limited and any Increase in usage would probably result In a price Increase due to 

supply and demand. The higher price would then restrict rag usage, maintaining the small niche rde. 

Local regulationsfor pretreatment of laundry effluent vary across the country, resmng In a wMe 

range of effluent treatment capability at the laundries and vahtde wwen towel rental rates. Laundries 

wbich are required to install effluent pretmtmmt systems to meet i dregutatlons are anticipated to 

pass these costsonto the customer, therefore the laundering cost for woven towels will increase and 

towel users may seek aftemattves such as singlewe towels. lndwtrial laundries are also increasingfy 

reluctant to accept woven shop towels wlth hazardous contaminants due to the adverse impact on the 
laundry effluent This type of shop towel may be sent to solvent washing facilities in the future as the 

cost of water washing continues to increase, however, solvent washing is currently limited in geographic 

availability. The cost d solvent washing Is currently about 15-18 cants per shop towel and Is higher than 

water washing (12-14 cents per shop towei), but this dHermca Is expected to dose as water washing 

rates Increase. I 

The use of solvent washing for wov ental emissions than 

water washing. Specific condusions regardkg the environmental acceptability of solvent washing are 

not provided due to the small number of existing companies that offer the service. The potenthl 

advantages of soh@ntwashing Indude reduced overall energy inputs compared to water washing, a 
significantly reduced amount of solid waste, and a reduction In waterborne emissions. There would be 

an increase in air emissions due to fugitive process emissions, the fuel burning required to operate the 
-

W e n t  washing procsss, and the incinedon of sludge. 

\ 

In summary, federal regulations restndng contaminants in laundry wastewater effluent coukl 

resuit  in water wash laundrias charging higher prices to dean woven towels if the laundries are required 

to install wastewater tregtmerrtequipment If the laundries do not install the equipment, they may refuse 
to accept the towels. The printing industry prefers to usewoven towels and if water wash laundries 

charge higher prices, pn'nters may convert to &vent washing if price cornpdtbe. As the qual'v of 
singleuse shop towels improves, printers may also consider this option. The use of woven towels in 

the alrtomottve industry is decreasing due to the increases in laundering rates and availability of 

acceptable singleuse towels. 
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APPENDIX A 

CONTACT USTS 

The following is a list of firms that were contacted during the preparatfon of this report While 
this appendk is not referenced in the reporS many of the firms Wed provkied Information. 

ASSOCIATIONS 6. 	 Printing Indwtn'es of Minnesota 
Environment and Safety Program 

1. 	 INDA: Assn. of the Nonwoven Fabrics Scott Schufer 
Industry 612-6 
1001 Winstead Dr. St 460 w,NC 27513 7. School of Textiles 
914677-Oo630 Clernson Unhrersity 
Misty Ayers Dr. Edward Vaugh 

80345641768xt. 5W5 
2. Industrial Fabrics Assn lntematlonal F 

345 Cedar St Suite 800 8. Technlcal Assr~of the Pulp and Paper

St. Paul, MN 55101 Industry

612-222-2508 PO Box 105113 

Alex Technotogypark 


Atlanta, GA 30348-5113 
3. 	 Institute of Paper Science and Technology 404-446-1400 

(IPST) 2. Jeanne Lazarus 
500 10th Street NW 
Atlanta, GA 3031&5794 9. Textile Rental Service Assn. 
404853-9500 1054 31st NW St.420 
Jew Jones Washington DC 20007 

202-8334395 
4. 	 National Cotton Council of America Dave Tremble 

Box 12205 
1918N. Pkwy 10. Uniform Textile Sewice Assn. (UTSA) 
Memphis, TN 341824285 Washington, DC 
901-274-9030 202-296-6744 
Jim Howell Bob Peters 

5. 	 Printing Industrie3 of Northern California 11. American Forest and Paper Assn. 
Director of Environmental and Safety 1 1 1 1  19th St NW 
Programs Washington, DC 20036 
655 Third Street, Ste 500 202-463-2700 
Sari Francisco, CA 94107-1901 
Jim Richards 
415-495-8242 
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12. 

13. 

14. 

American Pulpwood Assn. 
1025 Vermont Ave. NW 
Suite 1020 

Washington, DC 20005 
202-347-2900 
Neil Ward 

Hope Gaines 
609-884-6119 

National Paper Trade Assn. 
111 Great Neck, NY 11021 
5 16-829-3070 

WOVEN SHOP TOWEL COMPANIES 


1. 

2. 

3. 

4. 

5. 

Doran Textile 
Chrk Hanccck 
1-800-753-9956 

lnman Mills 
1133 Avenue of America 33rd Floor 
New Yo&, NY 10036 
James Miltar 
212-704-qoO6 

Johnston I n d u w  
105 Thirteenth Street 
&turnbus, GA 31901 
706-641-3140 
William Henry 

KlCXXI-TeX 
laGrange, GA 
7 - 4 3  
Mickey McCard 

Milliken & Company 

1201 4th Ave 

LaGrange. GA 30240 

7-75922 

Jon Wlllhrnson - Customer Service 

Technical Manager 


6. 	 Wellington Sears 
800-382-2486 
Donald Lauderdale 

7. 	 Arkwright Mills 
P.O. BOX5628 
Spartanburg, SC 29304-5628 
James K&er 
803-585-8301 

8. I Aurora Bleachery, Inc. 
P.O. Bax70 
Aurora, It60507-0070 
WUlhrn bcas 
708-892-7651 

9. 	 Avondale Fabrics 
119 First street 
P.O. Box 1046 
Monroe,  GA 3tE55 
Mickey Lankford 
404-257-9411 

10. 	 Bibb Company 
100 Galleria Parkway
Suite 1750 
Atlanta, GA 30339 
Raymond Watts 
912-752-6770 

11. 	 cllnton Mills 
�?IO Academy Street 
P.O.Drawer 1215 
alnton, SC 29325-1215 
John Cavanagh 
2123914550 

12. 	 Cone MUls Textile Product Group 
1201 Maple Street 
Greensboro, NC 27405-65310 
Bud Wills 
910-545-3595 
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13. 

14. 

15. 

16. 

17. 

18. 

19. 

Cranston Print Works Company 

1381 cranston street 

Cranston Street 

Cranston, Ri 029246789 

Kevin Federico 

212-279-1824 


Dundee Mills, Inc. 

P.O.Box E 

Griffin, GA 30224-0199 

C I a r m  McMe~ty 

212840-72oO 


Reidcrest Cannon. Inc. 

One Lake Circle Drive 

Kannapdis, NC 28081 

KM. Vaugh 

704-3342968 


Rint Rber Textiles, Inc. 

P.O. Box 489 

Albany, GA 317084001 

-Webb 

912-435-1495 


Greenwood MUts, Inc. 

P.O. Box 1017 

Greenwood, SC 29468 

Willlam H5Ortman 

212-382-9143 


Nisshinbo California, Inc. 

2885 South Chew Ave. 

Fresno, CA 9370644.06 
Hiroshi lkuchi 
209464241 \ 

springs lndustrles, Inc. 
P.O. Bax 70 
205 N. White Street 
Fort M I ,  SC 29715 
John Mcinemey 
803-324-6!j47 


2 	 Acardia, Co. 
330-T 7th Ave, 
New York, NY 
Theresa 
2124954wO 

3. 	 Camegie T d e  Co. 
1736 lvanhoe Road 
Cleveland,OH 
Karetl 
216857-700 

4. 	 Dexter Corp. Nonwovens 
2 Elm Street 
Windsor Locks, CT 06096 
203-623-5339 
Carl 

5. 	 duPont Nemours and Co.,Inc. 
1002 Industrial Road 
Old Hickory, TN 3713843693 

800-443-7786 

Rob Lee 


6. Fiberte~-AcquistfonVemteC 
335 Athena Industrbl Park 
Athens, GA 
7-1 
Brian Curt 

7. 	 Fibertax 
PO Box 360 
Landisville, NJ 08326 
609-697-16W 
Dan Fertinnl 

8. 	 Four Star 
Milwaukee, WI 
414-353-7788 
Rob 


r
i 


r” 

i 
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NONWOVEN SHOP TOWEL COMPANIES 

1. 	 ATD American, Co. 
133 Greenwood Ave. 
Wyncote, PA 193% 
215-576-1OOO I 
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9. 

10. 

11 .  

12. 

13. 

14. 

15. 

Hermitage Industries, Inc. 

P.O. Box 400 

141 S.York Street 

Camden, SC 29020 

Jay Greene 

800845-1062 


KimberlyMark 

1400 Hdcomb Bridge Road 

Roswell, GA 30076 

800-241-2739 

Mike Donahue Technical Servica 

Representative 


Lym-Tech 
caw 
Scott Towels 

Newtown Square Corp. Center 

18 Campus Bfvd. Ste. 120 

N s ; a o w n  Square,PA 19073 

800-472-6881 

Teresa R w v a  

Tex-Tech industrieb Inc. 

PO Box 8 

Notth Momounth, ME 04265 

207-933-4404 

207-933-9255 (FAX) 


3M Corporation 

shaw-Ptnman 

2300 M. Srrwt Nortb West 

Washington, DC 20037 

2024634389 

Stephanie McQueen 


Tietsx corp 
PO Box 6218 
spartanbwg, sc 
803-5760500 
Meg 

16. 	 Y-Pers 
Tulip am meltanham 
PhUadelphta, PA 19124 
D&d 
800-421-0242 

17. McOoweil Industries 
711 Linden Avenue 
E. Memphis, TN 38101 

PAPER SHOP TOWEL COMPANIES 

1. 	 Fort Howard Cop. 
1919 S. Broadway
Green Bay, WI 54304 
414-435-8821 
Mary

Perry Ceccarelii 

(Wrepreseritative): 702-594-5258 


2. 	 James River Corporation 
Norwalk, CT M856400 
800-243-5384 

3. 	 Prcctor and Gamble - Bounty
Winton HUI Technical Center 
6100Center Hili Avenue 
Clnclnnati, OH 45224 
Martin Cannon 
5 1 3434-7372 

4. 	 Scott Paper Company 
Viva, Job Squad, and Scott Towel 
Scott Plaza 
Philadelphia, PA 19113 
Mike ._
800835-7268 




P 


E 

RAGS 

1. 	 Continental Textiles (wipe~o,Cow) 
3024 W. Walnut St 
MUwaukee, WS3208 
414-933-1811 
Mike 

2. Leggett and Platt 
$

330 Industrial ctw. 
Wla Rica, GA 30180 

AnnRoberts 404441531 

Dan Rowland Nashville 800-88S4136 


3. 	 Norman W. Paschal1 Company, Inc. 
PO Box 2100 
PeacMree cy,GA 30269 
404-487-7945 
Weston 

4. 	 Pesriess Wiping Materials Go. 
PO Box 33812 
Los Angela, CA 90033-0812 
800-221-8103 
213-2�6-0313 - Nancy 
213-268-2755 - Stewart 

5. 	 RSM 
811 Pressley Road 
Chadotte;.NC 28231 
704-525-6851 
Marsha 

6. 	 Textile Rbers aid By-Products 
Charlotte, NC 
404-262-2477 
Florence 

f i7. 	 ERC Wiping Products 
875 Washington St 
Canton. MA 02021 
6178216300 
Larry Groipen 
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LAUNDRIES, INKS & SOLVENTSl AND FlBERS 

1. 

2 


3. 

4. 

5. 

BF Goodrlch 

3925 Embassy Pkay 

Akron, OH.44313 ' 


216-374-2333 

Brooks 


Courtaulds Fibers, Inc. 

P.O.Box 141 

Axis, AL 36505 

205-679-2200 

Ann Cranshaw 

G & K Services 

Twin Cities, MN 

Don Hansen 

612-5214771 


lntemationai Blending Company 

50 Industrial Loop North 

Orange Park, FL 32073 

Paul 

800-354-2300 


Leef Brothers Laundries 
Twin Sites, MN I 

Babbitt Crystallery 
612-3743880 
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